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AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS. 

Twentieth  Annual  Convention. 

Niagara  Falls,  N.  Y.,  June  29-July  3,  1903. 

MONDAY MORNING    SESSION. 

President  Charles  F.  Scott  called  the  convention  to  order 
in  the  auditorium  of  the  Natural  Food  Company  at  10:30  a.  m. 

President  Scott: — During  the  past  year,  when  it  became 
necessary  to  determine  the  place  at  which  to  hold  this  conven- 
tion, we  had  cordial  invitations  from  a  number  of  cities,  but 
for  one  reason  or  another  there  seemed  not  to  be  sufficient 
and  satisfactory  reason  for  accepting  any  of  them.  The  chair- 
man of  our  committee  asked  me  what  to  do.  I  said :  there 
is  one  place  in  America  which  seems  to  me  to  be  pre-eminently 
the  convention  city;  it  is  central,  it  has  imsurpassed  natural 
attractions;  it  is  accustomed  to  holding  and  receiving  large 
numbers  of  people  and  important  conventions,  and,  more  than 
that,  it  is  a  place  where  we  may  go  and  be  independent;  while 
we  would  be  glad  to  receive  such  courtesies  as  might  be  freely 
extended  we  would  feel  that  we  were  not  imposing  ourselves 
upon  any  of  our  local  membership. 

I  take  pleasure  this  morning  in  presenting  to  you  the  mayor 
of  this  famous  city,  a  city  far-famed  throughout  this  whole 
world  not  only  for  its  unexcelled  natural  surroundings,  but 
also  for  its  pre-eminence  as  an  electrical  city — Mayor  Hancock. 

Mayor  Hancock  : — Mr.  President  and  gentlemen. — Since  I  have 
been  mayor  of  this  city  I  have  had  the  pleasure  of  offering  the 
glad  hand  of  welcome  to  many  conventions.  I  even  tried  a  short 
time  ago  to  welcome  a  distinguished  French  gentleman  who 
was  visiting  here,  but  as  I  couldn't  talk  French  and  he  couldn't 
understand  English,  we  didn't  hit  it  off  very  well.  But  I  want 
to  say  that  I  have  never  had  the  honor  of  presenting  the  freedom 
of  the  city  and  the  whole  bunch  of  keys  to  a  more  distinguished 
convention  than  this  one  before  me.  While  I  have  been  growmg 
up  to  my  present  magnificent  proportions  many  changes  have 
been  taking  place  in  this  town.  When  I  was  a  boy  this  place 
consisted  of  two  villages  containing  seven  or  eight  thousand 
people,  Niagara  Falls  and  Suspension  Bridge.     Every  year  about 
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May  1,  Niagara  Falls  woke  up.  Some  of  us  took  down  the 
shutters,  dusted  off  the  feather  fans  and  the  Indian  beadwork 
and  the  pieces  of  table-rock  brought  over  from  England  and 
prepared  to  offer  them  for  sale  to  the  gentle  stranger  at  reason- 
able prices.  Others  of  us  shoved  out  the  family  hack,  shook 
the  kinks  out  of  the  horses*  legs,  drove  down  to  the  hotels  and 
depots  and  offered  that  same  gentle  stranger  a  ride  around  the 
Falls  for  five  cents,  expecting,  of  course,  to  get  all  the  traffic 
would  bear  when  that  lovely  ride  was  over. 

Some  eighteen  or  twenty  years  ago  Mr.  Gaskill  and  Mr. 
Evcishcd,  the  former  a  flour  miller  and  the  latter  an  engineer 
of  Rochester,  sprung  the  idea  of  harnessing  the  Niagara.  They 
started  out  to  raise  the  wind,  but  had  the  wrong  kind  of  bellows, 
I  guess.  A  little  later  Mr.  W.  B.  Rankine  and  his  friends  took 
up  the  project,  the  result  being  that  to-day  Niagara  Falls  is  a 
prosperous  city  of  25,000  people,  with  many  large  factories, 
and  its  development  in  the  electrical  line,  I  think,  has  only  just 
begun. 

I  trust,  gentlemen,  you  may  have  a  pleasant  week  and  enjoy 
yourselves.     I  thank  you. 

President  Scott: — In  the  arrangements  for  a  meeting  of 
this  kind  there  are  a  great  many  preliminary  labors,  usually  on  the 
part  of  painstaking  men  who  are  not  much  in  evidence.  The 
man  who  has  had  this  convention  at  heart  through  the  year, 
who  made  the  preliminary  arrangements  and  who  has  looked 
after  the  papers  for  this  meeting,  is  Dr.  Sheldon,  the  chairman 
of  the  Papers  Committee,  to  whom  a  great  deal  of  credit  is 
due.  A  few  months  ago,  when  it  became  necessary  to.  make 
the  specific  arrangements,  Prof.  Sever  was  called  to  the  chair- 
manship of  the  General  Committee  to  have  in  charge  the  ar- 
rangements for  this  convention.  As  chairman  of  the  local 
committee,  Mr.  H.  W.  Buck  was  selected.  The  success  which 
may  come  to  this  meeting  is  largely  due  to  the  efforts  of  these 
three  men,  seconded  by  the  members  of  their  committees. 

I  announced  the  names  of  three  gentlemen  who  have  been 
prominent  in  arranging  for  this  convention .  There  is  another  that 
I  omitted.  We  may  omit  him  because  we  ta^ce  him  for  granted. 
He  is  active  all  the  time — the  Secretary. 

President  Scott  then  read  his  annual  address  as  follows: 


THE  AMERICAN  INSTITUTE  OF  ELECTRICAL 
ENGINEERS. 


President's  Address — ^June  29,  1903. 


CHAS.    F.    SCOTT. 


The  engineer  is  defined  as  **  one  skilled  in  the  application  of  the 
materials  and  forces  of  nature  to  the  use  of  man.'*  Once  he 
dealt  almost  wholly  with  materials — some  do  so  still,  arranging 
brick  and  stone  and  iron  to  form  bridges  or  buildings  which  stand 
inert.  Others  combine  materials  and  forces.  But  the  electrical 
engineer  deals  with  forces,  with  energy  in  its  moving,  kinetic 
form.  His  unit  is  not  one  of  length  or  mass  or  volume  or 
strength — it  is  the  kilowatt,  a  unit  of  activity.  If  the  flow  of 
energy  cease,  the  electrical  system  is  inert,  as  useless  as  the 
body  when  life  is  gone.  He  energizes  and  vitalizes  the  systems. 
constructed  by  engineers  of  many  kinds.  Hence  the  phenomenal 
rate  of  electrical  extension — it  is  not  a  new  thing  separate  and 
apart  from  other  things,  it  enters  into  them,  it  operates,  it. 
awakens,  unites,  transforms. 

Among  the  various  branches  of  engineering  many  are  of  old 
standing  and  have  been  developed  during  many  years;  -the 
greater  part  of  what  is  standard  to-day  may  be  found  in  the  text 
books  and  the  treatises  of  a  generation  ago.  On  the  other  hand, 
the  second  edition  of  Kapp's  "  Electric  Transmission  of  Energy  '" 
which  is  less  than  fourteen  years  old  contains  no  reference — 
other  than  a  sentence  in  the  preface — to  the  commercial  use  of 
alternating  current,  although  it  has  already  become  well-nigh 
universal.  If  one  were  about  to  install  a  long  distance  trans- 
mission plant  he  could  call  hydraulic  engineers  as  advisers,  who 
have  had  many  years  of  experience.     But  he  would  find  that 
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electrical  engineers  have  had  scarcely  any  experience  with  the 
high  voltages  which  are  now  being  introduced.  In  fact  the 
plants  which  have  been  operating  at  40,000  volts  for  more  than 
two  years  may  be  counted  upon  the  fingers  of  one  hand  or  even 
upon  the  thumb. 

The  newness  of  electrical  work  is  shown  also  in  our  large  cities 
which  depend  for  their  street  railways,  for  their  light  and  for 
their  power  upon  apparatus  in  central  stations  and  upon  methods 
of  transmission  which  were  unknown  a  dozen  years  ago. 

The  electrical  reports  in  the  U.  S.  Census  show  that  the  mean 
rate  of  increase  in  electrical  activity  as  measured  by  the  capital 
invested  is  20  per  cent,  each  year — it  doubles  in  four  years. 

Technical  schools,  electrical  courses  and  laboratories  have 
increased  wonderfully,  but  their  output  of  young  engineers  does 
not  supply  the  growing  demand. 

Note  how  electrical  and  other  interests  are  interdependent. 
The  underground  railway  systems  in  New  York  City  require  the 
work  of  almost  every  branch  of  engineering.  The  purpose  of  the 
whole  is  the  operation  of  trains.  Everything  contributes  to  that 
end.  The  operation  is  by  electricity.  So  also  does  every  depart- 
ment of  the  system  come  into  relation  with  the  electrical  engineer ; 
the  design  of  the  power  house,  of  the  locomotives  or  motor  cars, 
of  the  tunnel,  of  the  track,  of  the  stations,  the  arrangements  for 
handling  passengers — all  are  related  in  some  way  to  the  electrical 
system.  And  naturally  so — they  all  are  the  passive  elements 
contributing  to  the  one  active  end,  train  operation,  and  electricity 
is  the  immediate  active  element  by  which  trains  are  operated. 
Hence,  in  general,  all  else  is  adapted  and  contributes  to  the 
electrical  system  and  must  harmonize  with  it.  Hence  the  elec- 
trical engineer  is  the  central  engineer,  he  more  than  any  other 
comes  in  contact  with  all;  he  more  than  any  other  needs  to  know 
something  of  all  other  departments  and  professions. 

Just  as  the  workmen  in  a  factory  depend  upon  tools  and 
motorc  and  transmission  circuits  and  buildings  in  order  to  do 
their  work,  so  also  does  modem  society  depend,  for  that  some- 
thing which  we  call  commercial  and  social  life,  upon  mills  and 
factories,  upon  facilities  for  travel  and  communication  and  upon 
its  bridges  and  its  buildings,  its  engines  and  dynamos — all,  the 
results  of  engineering  work.  We  know  all  this,  we  know  that  the 
new  attitude  toward  nature  beginning  with  the  achievements  of 
Copernicus  and  Galileo  and  Newton  marked  the  beginning  of  new 
methods  of  thought  and  of  action.     We  know  that  mechanical 
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power  by  means  of  the  steamship  and  the  railway  train  has 
had  the  most  profound  effect  upon  modem  life  in  every  par- 
ticular— commercial,  industrial,  social,  political.  We  recognize 
the  new  impetus  which  has  been  imparted  by  electricity  during 
the  past  score  of  years.  We  know  all  these  as  physical  facts  and 
we  see  their  immediate  effects.  But  we  are  so  surrounded  by 
them  and  they  are  so  close  upon  us  at  every  hand  and  we  have 
become  so  accustomed  to  them  that  I  question  whether  any  of  us 
appreciate  and  realize  their  full  significance.  The  immediate 
effects  are  readily  seen.  It  is  the  indirect  but  far-reaching 
influence  of  the  new  agencies  which  is  not  so  easy  to  discover. 

In  this  new  era  the  American  Institute  of  Electrical 
Engineers  represents  the  profession  which  is  youngest  in  years 
yet  foremost  in  activity.  To  meet  the  present  demands  of  this 
new  era,  to  prepare  for  an  expanding  future,  we  may  well  ask. 
What  should  our  Institute  be?  What  should  it  do?  Shall  we 
adopt  the  methods  of  the  old-time  learned  society?  Shall  we 
imitate  the  ways  of  societies  or  professions  whose  methods  are 
established  and  whose  rate  of  change  is  slow?  Shall  we  reserve 
preferment  for  those  with  hoary  locks  or  well-rounded  years  of 
experience? 

Not  only  the  activity  of  our  profession  but  the  spirit  of  the 
times  demands  something  different.  We  cannot  stand  aloof,  we 
cannot  be  exclusive — we  must  recognize  that  we  are  in  a  new  era 
with  its  imprecedented  rate  of  progress.  We  cannot  wait  till 
men  develop  through  many  years  of  experience,  for  they  are 
needed  quickly — how  then  can  we  increase  the  efficiency  of  their 
training  and  accelerate  their  development?  We  have  no  long 
record  of  achievement  and  experience  to  guide ;  we  must  execute 
and  operate  in  a  dozen  places  what  has  scarcely  had  time  to 
demonstrate  its  success  in  its  first  installation — how  then  can 
we  increase  the  efficiency  of  our  work  by  extending  the  knowl- 
edge of  that  which  has  been  done  and  by  crystallizing  from 
present  practice  that  which  should  be  made  standard? 

A  year  ago  when  your  votes  imposed  the  responsibilities  of  the 
presidency  upon  me,  it  seemed  that  while  the  preceding  year  had 
fixed  a  high  standard  for  our  monthly  meetings  in  New  York,  we 
should  develop  next  some  method  by  which  distant  members 
might  take  much  more  active  part  in  our  work.  I  took  up  tlie 
conditions  confronting  me  as  a  definite  problem.  I  studied  it 
and  discussed  it  with  others;  it  grew,  and  new  phases  appeared. 
The  problem  as  it  presented  itself  to  my  mind  together  with 
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certain  specific  ways  for  advancing  our  interests  were  set  forth 
in  an  address  upon  *'  Proposed  Developments  of  the  Institute  ** 
which  I  read  at  the  beginning  of  the  year.  I  may  add  now  that 
the  more  deeply  I  have  become  involved  in  the  affairs  of  the 
Institute  the  more  interested  have  I  become  and  the  greater 
have  its  possibilities  appeared. 

In  that  address  of  last  September  several  specific  ways  were 
proposed  by  which  the  work  of  the  Institute  might  be  advanced 
during  the  year.  Let  us  review  them  briefly,  noting  their  bearing 
upon  the  future. 

(1)  **  The  membership  should  be  increased.'* 
My  own  convictions  were  expressed  during  the  year  in  the 
following  words:  *'  We  have  failed  to  catch  the  spirit  of  the  times 
and  the  keynote  of  electrical  progress  if  we  do  not  realize  that 
we  must  expand  and  broaden  and  progress  as  well  as  maintain 
high  standards  of  excellence.  Full  membership  should  be  ex- 
clusive, associate  membership  should  be  inclusive." 

Our  membership  list  on  September  15,  1902,  included  1630 
names.  Since  that  time  nearly  1000  applicants  have  been  elected 
as  Associates.  Who  are  the  men  who  have  come  among  us  ? 
What  is  their  age,  what  has  been  their  training,  what  is  their 
present  position? 

The  new  men  range  in  age  from  19  to  65.  The  ages  of  those 
who  have  been  elected  are  given  in  the  following  table: 

Over  50  years 2% 

45  to  50  years 2% 

40  to  45  years 6% 

35  to  40  years 10% 

30  to  35  years 24% 

25  to  30  years 34% 

20  to  25  years 21% 

Under  20  years ^ 1% 

Approximately  60  percent  are  between  25  and  35  years  of  age 
and  are  presumably  young  men  who  are  getting  under  substantial 
headway  in  life  and  are  in  their  accelerating  period. 

Forty-four  percent  of  these  men  are  graduates  of  schools  of 
recognized  standing.  Of  the  graduates  45  percent  graduated 
*  within  the  past  5  years  (not  including  1903),  and  77  percent 
within  the  past  10  years.  Cornell  University  leads  the  list  with 
12  percent  of  the  graduates;  the  Massachusetts  Institute  of 
Technology  is  second  with  8  percent  •  Columbia,  Purdue,  Ohio 
State,    Princeton,    Worcester    Polytechnic    Institute,    Lehigh, 
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Univeisity  of  Michigan  and  the  University  of  Wisconsin  follow 
next  and  there  are  substantial  numbers  from  AfcGili,  Stevens 
Institute,  University  of  Pennsylvania,  University  of  Illinois, 
University  of  Minnesota,  Pennsylvania  State  College,  University 
of  Nebraska,  University, of  California,  Harvard,  Yale,  and  Rose 
Polytechnic  Institute.  In  addition  there  are  graduates  from 
numerous  additional  institutions,  as  well  as  many  others  who 
have  not  taken  degrees. 

The  position  and  occupation  of  the  new  members  is  difficult  to 
classify  definitely,  but  a  general  summary  shows  the  following: 
Electrical  engineers  with  manufacturing  companies  .  . .  30% 

Electrical  engineers  with  operating  companies 25% 

Managers  and  superintendents,  duties  presumably  ex- 
ecutive rather  than  technical 16% 

Consulting  engineers 10% 

Electrical  engineers  with  mills,  mining  plants  and  the 

like 6% 

Students 6% 

Professors  and  instructors 4% 

Mechanical  and  electrical  draftsmen 3% 

I  think  we  may  congratulate  ourselves  that  our  additions  are 
truly  representative  of  the  electrical  engineers  of  America,  in- 
cluding not  only  those  advanced  in  the  profession,  but  young  men 
of  promise — the  engineers  of  the  future.  An  addition  of  60  per 
cent,  to  our  numbers  in  a  single  year  principally  of  men  who  are 
entering  active  engineering  work  and  who  have  been  attracted 
to  the  Institute  because  they  believed  that  it  was  well  worth 
while  to  join,  means  much  to  the  Institute,  it  means  much  to 
the  men  and  it  means  much  to  the  electrical  engineering  profes- 
sion. 

Other  plans  proposed  at  the  beginning  of  the  year  were  that; . 

(2)  "  Papers  and  discussions  should  be  contributed  from  a 
larger  proportion  of  the  membership." 

(3)  **  Local  meetings  of  the  Institute  in  various  cities  will 
broaden  the  interest  of  its  work  and  generally  extend  its  benefits." 

(4)  **  Universities  and  technical  schools  with  electrical  en- 
gineering departments  may  organize  local  meetings  of  the 
Institute.*' 

These  three  lines  of  activity  have  developed  most  satisfactorily 
and  are  closely  related  to  each  other.  General  plans  were  pre- 
sented for  the  formation  of  local  branches  and  such  branches 
have  been  formed  among  members  in  a  number  of  leading  cities ; 
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also  m  many  of  the  principal  technical  schools  and  universities. 
In  some  cases  local  members  and  students  unite.  The  methods 
have  been  simple:  there  is  a  minimum  of  organization  and 
formality.;  the  primary  purpose  is  to  bring  electrical  men 
together,  to  awaken  interest,  to  consider  and  discuss  important 
engineering  topics.  At  the  beginning  of  the  year  definite  sub- 
jects were  assigned  for  each  month  for  the  meetings  in  New 
York.  Usually  several  papers  were  secured  from  experts  upon 
each  subject.  Printed  copies  of  the  papers,  together  with  the 
stenographer's  report  of  the  New  York  discussion  have  been 
sent  promptly  to  the  secretaries  of  the  local  branches.  As  the 
branches  have  usually  held  their  meetings  subsequent  to  the 
meeting  in  New  York,  they  have  had  the  advantage  over  .the  first 
meeting  in  having  the  discussion  as  well*  as  the  papers.  This 
material  is  presented  in  suitable  form  by  the  members  of  the 
local  branches  and  the  discussion  is  continued.  Such  material 
as  is  new  and  valuable  is  reported  to  the  Secretary  for  publication 
in  the  Transactions.  By  this  means  the  latest  phases  of  electrical 
engineering  work  are  presented  and  discussed  not  in  one  meeting 
only  but  in  more  than  a  score. 

Those  who  have  taken  up  the  local  work  usually  report  that  the 
interest,  the  activity  and  the  attendance  surpass  expectations. 
In  nine  cities  in  which  local  branches  have  been  formed  the  total 
membership  has  practically  doubled.  The  attendance  is  not 
limited  to  members,  as  others  are  welcome.  A  number  of  pro- 
fessors have  spoken  of  the  interest  taken  by  students  and  the 
avidity  with  which  they  enter  into  the  work.  One  professor 
recently  remarked  to  me  that  the  Institute  papers  were  giving 
him  a  new  insight  into  present  electrical  engineering  and  such 
papers  as  those  upon  Central  Station  Practice  made  him  realize 
how  far  practical  engineers  were  in  advance  of  the  lecture  room 
and  the  laboratory. 

The  element  of  greatest  importance  in  this  extension  of  our 
work  is  to  my  mind  not  so  much  the  mere  technical  knowledge 
which  it  may  diffuse  but  the  broader  aspects  of  up-to-date  prob- 
lems which  it  presents  and  the  sentiment  of  unity  and  cooperation 
among  electrical  men.  Electrical  engineers  have  not  the  advan- 
tage of  long-time  acquaintance,  but  in  this  plan  we  have  an 
effective  means  of  bringing  them  together,  of  uniting  them  in  a 
common  interest  and  of  directing  the  studies  and  the  work  of 
young  men  along  definite  and  effect ive  lines. 

At  the  beginning  of  the  year  it  was  indicated  further  that: 
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(5)  *'  The  collection  of  en^ineermg  data  and  the  establishment 
of  standard  practice  in  electrical  engineering  is  one  of  the  import- 
ant functions  of  the  Institute." 

The  present  years  are  formative  years.  Electrical  engineering 
is  crystallizing.  In  addition  to  our  Committee  on  Standardiza- 
tion two  new  committees  have  been  formed,  one  on  High -Tension 
Transmission,  the  other  on  Engineering  Data.  The  Trans- 
mission Committee  is  composed  of  engineers  of  recognized  stand- 
ing. A  consulting  engineer  is  the  chairman,  and  representatives 
from  several  large  manufacturing  companies  and  a  western 
university  complete  the  committee.  This  committee  is  collecting 
specific  data  with  respect  to  present  practice  in  high-tension 
transmission  and  will  formulate  these  data  for  the  use  of  electrical 
engineers.  It  has  further  prepared  a  number  of  short  papers  as 
introductions  to  discussions  upon  a  number  of  important 
branches  of  transmission  which  is  calling  forth  the  opinions  and 
experience  of  engineers  at  large. 

The  Committee  on  Engineering  Data  is  composed  of  men  of 
high  standing,  under  the  direction  of  the  Electrical  Engineer  of 
the  Niagara  Falls  Power  Company.  It  has  been  appointed  for 
collecting  and  publishing  electrical  engineering  data  upon  new 
and  special  subjects  which  are  evolving  daily  throughout  the 
country  in  the  practice  of  the  engineering  profession.  There  is  much 
important  data  which  have  not  found  their  way  into  text  books 
and  hand  books  and  about  which  little  is  generally  known.  Such 
data,  if  allowed  to  follow  existing  channels,  either  never  reach  the 
public,  or  only  after  a  long  period.  The  first  subject  to  be  taken 
up  for  investigation  is  insulated  electrical  conductors.  Under 
this  general  subject  is  included  the  heating  of  cables  of  various 
character  under  different  conditions,  the  life  of  cable  insulations, 
the  methods  of  ventilation  in  conduits,  the  effects  of  short-circuit, 
and  general  data  bearing  upon  the  operation  of  cable  systems. 

I  count  such  work  as  has  been  undertaken  by  these  committees 
as  of  the  highest  importance  to  the  Institute  and  its  members, 
for  it  deals  with  matters  vital  to  substantial  electrical  progress. 
They  are  the  means  of  carrying  out  one  of  the  highest  functions 
of  the  Institute  in  bringing  together  the  diversified  achieve- 
ments of  many  workers  which  in  the  aggregate  constitute  a  single 
total  of  accomplishment  which  we  designate  as  progress.  They 
bring  definite  and  systematic  results  out  of  what  is  otherwise 
indefinite  and  chaotic.  Thus  they  lay  ^he  foundatica  for 
advancement. 


10  SCOTT:  PRESIDENTS  ADDRESS.  [June  29 

As  a  turther  department  of  our  work  it  was  stated  at  the  begin- 
ning of  the  year  that : 

(6)  '*  Our  library  merits  a  cordial  support/*  The  generous 
contributions  of  members  have  been  continued  during  the  year 
by  substantial  additions  to  our  valuable  collection,  not  only  in 
contributions  of  present  volumes  but  in  endowment  provision 
for  the  continuation  of  sets  which  have  been  presented.  Plans 
are  now  under  consideration  for  giving  our  own  Transactions 
— a  panoramic  history  of  American  Electrical  Engineering — 
greater  value  by  preparing  a  general  index  to  be  issued  both  in 
pamp'ilet  form  and  also  on  cards,  which  may  be  distributed 
alphabetically  through  the  card  catalogues  of  public  and  private 
libraries. 

The  crowning  event  of  the  year  was  in  a  measure  anticipated 
by  these  sentences  of  last  September : 

(7)  "  Permanent  quarters  for  the  Institute  sh-^uld  be  an 
object  of  plans  and  anticipations.  *  *  *  Persona  acquaint- 
ance and  social  intercourse  are  influential  factors  in  unity  of 
sentiment  and  of  action." 

The  story  of  our  Library  Dinner  with  its  distinguished  guest 
who  spoke  in  happy  mood  of  American  engineers  and  of  coopera- 
tion among  them  and  of  "  institutions  like  this  of  the  Electrical 
Engineers  which  do  so  much"  is  already  familar  to  you,  as  well  as 
the  events  of  the  following  day  when  he  called  to  his  house  two 
of  our  members  to  talk  further  of  what  an  engineering  building 
should  be  and  of  plans  for  its  real^ation.  I  coimt  as  the  most 
memorable  privilege  of  the  present  year  the  opportunity  given 
me  of  sitting  next  to  Mr.  Carnegie  on  the  evening  of  our  Library 
Dinner  and  the  hour  in  his  own  library  on  the  following  afternoon. 
At  the  dinner  he  was  in  the  best  of  spirits,  alert,  and  ever  inter- 
esting as  conversation  shifted  easily  from  one  topic  to  another. 
I'he  talk  was  pleasant  and  appropriate  to  the  hour  but  never 
trivial.  One  topic  after  another  came  up,  but  it  was  the  more 
serious,  the  more  definite,  the  substantial  idea  which  he  brought 
out  before  turning  to  something  else.  The  happy  response  to  his 
xoast  was  almost  throughout  a  repetition  of  the  ideas  and  the 
sentiments  which  he  had  expressed  in  the  conversation  of  the 
preceding  hour. 

In  discussing  at  his  house  the  next  day  the  project  of  an 
engineering  building  he  impressed  me  as  seeking  the  way  by 
which  he  could  realize  an  ideal.  He  was  not  very  familiar  with 
the  organization  of  the  several  engineering  societies,  he  knew 
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little  of  their  methods  and  of  their  financial  means  and  their 
tacihties.  But  he  saw  a  need,  not  inereiy  tne  physical  need  of 
accommodations,  but  the  higher  need  of  elevating  and  developing 
engineenng  and  engineers.  He  used  about  these  words:  *'  Yes; 
engineers  need  to  get  together,  they  need  to  get  acquainted  and 
to  meet  socially.  You  can  provide  for  that,  can  you  not?  "  In 
his  address  as  President  of  the  Iron  and  Steel  Institute  since  that 
time  he  has  discussed  methods  of  industrial  organization,  par- 
ticularly the  relations  between  men,  and  he  has  emphasized  the 
advantages  of  a  general  partnership  and  common  cooperation. 
When,  a  few  days  after  our  first  conversation,  estimates  and  a 
general  scheme  of  procedure  were  presented,  Mr.  Carnegie  did  not 
care  to  go  into  the  details  of  method.  He  seemed  to  have  con- 
fidence that  engineering  organizations  could  develop  their  plans 
in  the  ways  which  would  be  most  efficient.  He  set  no  restric- 
tions. The  great  Gift  to  Engineering  is  presented  in  a  single 
sentence  shorter  even  than  the  superscription  of  the  letter  which 
proffers  a  million  dollars.  Four  of  the  organizations  (the  fifth 
has  not  yet  taken  final  action)  which  were  designated  in  his  letter 
have  without  hesitation  formally  accepted  the  administering 
of  this  generous  gift  to  engineering  and  their  representatives  are 
now  actively  developing  plans.  These  plans  look  forward  to  the 
realization  of  an  ideal  long  cherished  by  some  of  the  foremost  and 
far-seeing  engineers  of  the  country,  an  ideal  in  harmony  with  the 
new  era  in  engineering  and  with  the  trend  of  American  develop- 
ment, an  ideal  which  brings  within  its  scope  the  advancement  of 
the  engineer  and  of  his  profession  both  within  itself  and  in  its 
outward  relations.  In  short,  an  ideal  the  realization  of  which 
will  strengthen  modern  engineering — the  very  basis  of  national 
prosperity  and  progress — and  will  exert  influences  which  are 
beyond  our  power  to  discern. 

The  remaining  specific  way  mentioned  at  the  beginning  of  the 
year  for  advancing  the  interests  of  the  Institute  was: 

(8)  **  Cooperation  with  similar  institutions  in  other  countries.  ' 
Our  relations  with  the  Institution  of  Electrical  Engineers  of 
Great  Britain  in  particular  are  most  cordial  and  beneficial,  and 
we  are  planning  to  have  its  members  with  us  at  the  time  of  the 
Engineering  Congresses  to  be  held  at  the  St.  Louis  Exposition 
next  year.  But  the  idea  of  cooperation  has  had  its  development 
along  domestic  rather  than  foreign  lines.  It  is  not  worth  while 
here  to  recount  the  advantages  of  cooperation.  We  recognize  it 
as   the   modem   method.     The   possibilities   which   may   come 
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tliroujrh  coonera'aon  amone  engineers  and  in  engineerinpr  work 
are  hardly  less  than  those  which  are  recognized  in  mdustrial. 
commercial,  financial  and  social  affairs.  The  founding  of  the 
John  Fritz  medal,  and  the  gift  of  a  Union  Building  are  magnifi- 
cent examples. 

In  the  interrelations  between  societies,  care  must  be  taken 
that  individuality  and  freedom  for  individual  development  are 
unrestricted,  and  that  the  points  of  contapt  and  common  endeavor 
are  only  those  in  which  the  most  efficient  results  can  be  obtained 
through  cooperation.  I  think  all  will  agree  that  just  as 
electricity  has  been  pre-eminently  a  unifying  element  in  modern 
affairs,  so  also  the  electrical  engineer  should  be  a  unifying  element 
in  the  engineering  profession  and  that  there  should  be  in  par- 
ticular a  cooperation  among  electrical  organizations.  Let  us 
develop  the  ideal  and  then  realize  it  as  best  we  may,  step  by  step, 
in  the  future. 

To  present  definitely  a  general  scheme  I  will  give  the  substance 
of  a  suggestion  which  I  presented  to  our  Committee  on  Affiliated 
Societies  which  now  has  the  general  subject  under  its  considera- 
tion. 

FirsU — A  plan  should  be  outlined  providing  for  special  depart- 
ments or  sections  of  the  Institute  for  such  lines  of  electrical 
work  as  may  demand  greater  attention  than  can  be  given  by  the 
Institute  as  a  whole  and  which  can  be  more  efficiently  conducted 
in  this  manner  than  by  the  formation  of  new  specialized  societies. 

Secondly. — Affiliation  or  cooperation  is  desirable  with  other 
electrical  associations  by  which  the  Institute  may  work  in 
harmony  along  certain  lines,  such  as  Standardization,  adoption 
of  the  National  Electric  Code,  the  Collection  of  Engineering 
Data  and  other  matters  of  a  general  nature.  Many  associations 
dealing  with  specific  industries  have  both  commercial  and  en- 
gineering interests.  I  would  make  the  Institute  the  electrical 
head  or  center,  bringing  into  a  unity  the  electrical  engineering  of 
all  these  associations,  not  restricting,  but  broadening  their  work 
and  making  them  constituent  parts  of  a  great  whole. 

Thirdly. — There  is  opportunity  for  close  relations  between  our 
local  branches  and  local  engineering  societies  or  clubs.  In  two 
or  three  cii-ies  the  local  societies  are  considering  plans  of  uniting 
sections  of  their  societies  with  local  branches  of  the  National 
Societies.  Think  for  a  moment  of  the  possibilities  in  elevating 
the  work  and  increasing  the  etficiency  of  engineering  organiza- 
tions  by   establishing   close   ties    between    local    and   national 
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societies — keeping  them  in  close  sympathy  and  cooperation,  and 
bringing  them  into  one  great  system!  The  success  which  has 
attended  our  branch  organizations  augurs  well  for  further 
extension  by  similar  methods  for  awakening  and  stimulating  a 
general  interest  in  engineering  subjects. 

Fourthly. — There  should  be  cooperation — without  affecting 
their  present  individuality — between  national  engineering  socie- 
ties in  the  nature  of  a  National  Engineering  Congress  for  promot- 
ing closer  relations  between  the  various  branches  of  engineering 
work  and  for  representing  the  engineering  profession  as  a  whole. 

In  this  summary  review  of  the  year's  work  no  mention  has 
been  made  of  less  conspicuous  though  scarcely  less  important 
matters— the  Committee  on  Finance,  the  Committee  on  Papers, 
the  Editing  Committee,  the  Board  of  Examiners,  the  Committee 
on  National  Electric  Code,  the  Reception  Committee,  the  Com- 
mittee on  Membership,  the  cooperation  of  the  Institute  in  the 
establishment  of  the  John  Fritz  Medal,  the  plans  of  the  Institute 
for  the  Louisiana  Purchase  Exposition,  the  extension  of  certain 
privileges  to  students  in  electrical  engineering  upon  the  payment 
of  a  small  fee,  the  plans  for  receiving  graduating  theses  and 
according  recognition  to  those  of  superior  excellence.  On  the 
Board  of  Directors  and  the  Committees  are  earnest  active  men 
who  have  freely  contributed  time  and  labor  to  the  advancement 
of  your  interests.  After  all,  the  element  which  promises  most 
for  our  future  is  the  spirit  of  the  men  who  are  leaders  in  our  work 
and  the  ready  response  to  their  efforts  which  has  come  both  from 
our  members  in  carrying  out  our  work  and  from  those  who  have 
come  in  such  generous  numbers  t^  join  with  us. 

It  is  difficult  to  see  wherein  our  work  can  be  materially  reduced 
without  serious  loss.  It  is  easy  to  see  how  it  may  be  expanded. 
I  emphasize  particularly  the  establishing  of  permanent  com- 
mittees to  be  continued  from  year  to  year  to  carry  on  lines  of 
work  such  as  the  committees  on  standardization,  on  transmission, 
and  on  engineering  data.  The  value  of  the  results  is  unques- 
tioned, but  the  amount  of  work  necessary  is  not  so  readily 
appreciated.  We  must  depend  for  our  best  work  upon  the  men 
who  are  busiest  and  who  are  in  a  way  least  able  to  give  it.  We 
must  efficiently  utilize  small  contributions  of  endeavor  and 
assistance  from  many  men.  This  requires  organization  and 
direction,  these  men  should  have  the  fullest  assistance  from 
others  who  are  paid  to  carry  out  their  directions  and  to  care  for 
details. 
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Our  expenses  are  within  our  income  simply  because  we  have 
been  watchful,  restricting  expenditure  at  every  turn.  In  order 
to  expand  and  to  carry  out  the  lines  of  work  which  are  most 
valuable  to  ourselves  as  individuals  and  for  the  substantial  pro- 
motion of  electrical  engineering  and  of  electrical  industries,  we 
need  money. 

In  the  Union  Building  for  the  Engineering  Societies,  it  devolves 
upon  the  societies  to  provide  the  land  upon  which  the  Carnegie 
gift  is  to  be  placed.  To  provide  for  the  Institute  in  this  matter, 
a  committee  has  undertaken  the  raising  by  subscription  of  a 
fund  for  this  purpose.  This  magnificent  supplement  tc  what  Mr. 
Carnegie  is  doing  will  give  the  Institute  rent-free  its  building 
for  general  meetings,  for  library,  for  offices,  reading  and  reception 
rooms  and  the  like.  This  will  enable  us  to  devote  to  technical 
purposes  the  funds  which  would  otherwise  be  required  for  rent^ 
which  are  considerable  now,  and  would  be  greater  in  the  future. 

We  anticipate  substantial  contributions  from  those  who  have 
reaped  a  rich  reward  from  the  applications  of  electricity.  Their 
wealth  has  come  in  no  small  degree  from  the  work  of  electrical 
engineers.  Whatever  the  Institute  may  do  in  raising  the 
standards  and  increasing  the  effectiveness  of  electrical  engineering 
brings  rich  returns  to  those  men  and  particularly  to  those  com- 
panies commercially  interested  in  electrical  pursuits.  The 
farmer  saves  from  his  surplus  the  best  seeds  for  the  coming 
season — should  not  some  of  the  wealth  which  engineering  effort 
has  produced  be  returned  to  train  men  and  to  develop  methods 
for  the  future  ?  Is  not  the  wholesome  recogniiion  of  the  engineer- 
ing profession  by  Mr.  Carnegie  qpupled  with  his  generous  gift  but 
the  beginning  of  a  new  attitude  toward  engineering  and  of  better 
things  to  come?  Engineering  researches  and  investigations  and 
tests  requiring  large  sums  of  money  should  be  undertaken.  It  is 
not  too  much  to  hope  that  if  we  use  well  the  talent  which  has 
been  given  us,  more  may  be  entrusted  to  our  keeping. 

But  building  and  library,  professional  papers  and  technical 
data  are  only  the  facilities,  the  means,  the  tools,  for  the  men  who 
are  to  use  them.  We  must  develop  men,  more  effective  men. 
Let  us  maintain  high  standards  of  excellence,  of  professional 
attainment  and  of  integrity.  This  does  not  require  that  we  be 
too  exclusive,  holding  ourselves  aloof  and  apart.  In  religion  the 
ideal  is  no  longer  the  monk  in  the  cloistered  cell,  it  is  activity  in 
daily  life.  Electrical  engineering  is  in  contact  with  many 
interests,  let  electrical  engineers  be  in  touch  with  many  men.     In 
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one  sense  engineering  and  commercialism  are  widely  apart.  Yet 
there  is  a  commercial  side  to  engineering,  not  mere  selling,  but 
the  adaptation  of  engineering  work  to  definite  industrial  and 
commercial  conditions  in  such  manner  as  to  bring  the  best  re- 
sults. In  our  papers  we  do  not  discard  subjects  which  are  of 
engineering  interest  and  value,  simply  because  they  may  be  of 
financial  importance  to  some  one.  It  is  not  our  function  to 
treat  simply  of  the  things  which  are  of  no  value  to  anybody. 
Yet  our  criterion  is  not  commercial,  but  engineering;  practical 
comm.on  sense,  not  sentiment,  must  prevail  in  our  relations  to 
things  and  to  man.  The  engineer  is  not  merely  the  man  in  the 
closet  surrounded  by  slide-rules  and  tables.  Electrical  enterprises 
depend  upon  manufacturers,  industrial  captains  and  financial 
managers — upon  those  who  construct  and  apply  and  use  and  di- 
rect the  results  of  engineering  work.  Engineers  should 
know  these  men  and  work  in  harmony  with  them.  The 
plan  for  the  new  Union  Building — the  Capitol  of  American  En- 
gineering— not  only  brings  engineers  of  different  professions  to- 
gether but  it  recognizes  broader  relations,  as  the  engineering 
societies  will  be  adjacent  to  a  social  club  **  composed  of  engineers 
and  others  who  may  be  interested  in  or  connected  with  the 
engineering  profession." 

We  are  in  an  engineering  age,  an  electrical  age,  with  its  physical 
commercial,  industrial  and  social  changes,  with  its  new  conditions, 
new  opportunities  and  new  responsibilities.  And  these  are  the 
beginnings  of  yet  greater  things  to  come.  Let  us  be  awake 
to  the  times  and  in  touch  with  modern  methods.  Let  us 
make  the  work,  the  methods  and  the  ideals  of  our  Institute  in 
full  harmony  with  that  profession  which  deals  with  kinetic 
energy  and  whose  units  of  measure  are  the  units  of  activity  an  J 
whose  mission  it  is  to  awaken,  to  energize,  to  unite,  to  transform 
to  operate,  to  make  effective. 
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1.  Introduction. 
The  engineer  ordinarily  approaches  the  study  of  the  syn- 
chronous converter  with  ready  made  knowledge  of  the  direct 
current  dynamo  and  of  the  alternating  current  dvnamo.  The 
result  is  that  the  action  of  the  synchronous  converter  i3  usually 
described  in  terms  of  the  activities  of  the  synchronous  alternat- 
ing current  motor  and  the   direct  current  generator,  and  the 
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theory  of  the  synchronous  converter  is  usually  developed  in 
terms  of  those  notions  which  apply  primarily  to  the  synchron- 
ous alternating  current  motor  on  the  one  hand,  and  to  the 
direct  current  generator  on  the  other.  As  a  matter  of  fact,  the 
external  electrical  relations  of  the  synchronous  converter  may  be 
completely  represented  by  this  method  of  attack.  When,  how- 
ever, the  synchronous  converter  itself — its  internal  activities,  as  it 
were — is  the  object  of  study,  the  notions  of  the  synchronous 
alternating  cuirent  motor  and  of  the  direct  current  generator  do 
not  suffice.  There  are  certain  elements  of  behavior  of  the  syn- 
chronous converter  which  are  foreign  both  to  the  synchronous 
alternating  current  motor  and  to  the  direct  current  generator; 
to  examine  into  these  elements  we  must  attend  to  the  actual 
physical  activities  of  the  synchronous  converter  without  regard 
to  the  mathematicalanalysis  of  these  activities  into  their  more 
or  less  fictitious  and  unreal  component  parts,  namely:  syn- 
chronous motor  activities  and  direct  current  generator  activities. 
I  give  in  a  subsequent  section  of  this  paper  a  statement  of  the 
Criterion  which  enables  one  to  judge  of  the  physical  reality  or 
unreality  of  the  component  parts  into  which  a  physical  aggregate 
is  resolved  by  mathematical  analysis,  and  it  suffices  here  to  state 
that  this  criterion  shows  the  physical  unreality  of  synchronous 
motor  activity  and  direct  current  generator  activity  as  com- 
ponent parts  of  the  activity  of  the  synchronous  converter. 
2.  The  Synchronous  Converter  Compared  with  the  Auto- 
Transpormer.     Statement  of  Object  of  this  Paper. 

Let  h  Fig.  1  represent  one  of  the  Let  b.  Fig.  2,  represent  one  of 
d.c.  brushes  of  a  two-ring  con-  the  service  mains  to  which  alter- 
verter.  Let  this  brush  be  chosen  nating  current  is  supplied  by  an 
as  the  zero  or  reference  point  of  auto  transformer.  Let  this  main 
potential,  and  let  a  represent  the  be  chosen  as  the  zero  or  reference 
other  d.c.  brush.  Let  r  be  the  point  of  potential,  and  let  a  repre- 
position  of  the  a.c  tap  at  a  given  sent  the  other  service  main  Let 
instant.  This  tap  r  is  at  a  poten-  r  and  r'  be  the  two  supply  mains, 
tial  which  is  between  the  potentials  The  main  r  is  at  a  given  instant 
of  b  and  a  Let  i  be  the  instanta-  at  a  potential  which  is  between  the 
neous  value  of  the  alternating  cur-  potentials  of  b  and  a.  and  the  cur- 
rent entering  at  r.  A  portion.  .4.  rent  i.  which  enters  at  r  at  the  given 
of  this  current  i  flows  up  hill,  as  it  instant  divides  into  two  parts.  A 
were,  from  r  to  a,  receiving  energy  and  B.  The  portion  A  flows  up 
because  of  assistance  due  to  the  hill,  as  it  were,  to  a,  receiving 
induced  electromotive  forces  in  the  energy  because  of  assistance  due 
windings  between  r  and  a.  An-  to  the  induced  electromotive  forces 
other  portion.  B.  of  the  current  i  in  the  windings  between  r  and  a. 
flows  down  hill  from  r  X,o*h.  giving  The  other  portion.  /?,  flows  down 
up  energy  because  it  is  opposed  by  hill,  from  r  to  b,  giving  up  energ>' 
induced  electromotive  forces  in  because  it  is  opposed  by  induced 
the  windings  between  r  and  6.  electromotive  forces  in  the  wind- 
ings between  r  and  b. 
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The  energy  received  by  the  cxir- 
rent  A  as  it  is  boosted  up  from  r  to  a 
is  in  general  equal  to  the  energy 
which  is  delivered  by  the  current  B 
which  flows  down  from  r  to  b. 


The  energy  received  by  the  cur- 
rent A  as  it  is  boosted  up  from  t  to  a 
is  equal  to  the  energy  which  is  de- 
livered by  the  current  B  which 
flows  down  from  r  to  b. 


In  the  auto-transformer  a  definite  portion  of  the  energy  which 
is  transferred  from  the  supply  mains  to  the  service  mains  is 
transferred  by  virtue  of  the  conductive  connections  between 
supply  mains  and  service  mains  through  the  windings  of  the 
transformer.  In  the  synchronous  converter,  also,  a  definite 
portion  of  the  energy  which  is  transferred  from  the  supply  mains 
to  the  service  mains  is  transferred  by  virtue  of  the  conductive 
connections  through  the  armature  windings  of  the  converter. 


The  SynchroncuB  Conyerter 


The  Aatotransformer 

a 


I" 


r— 


In  the  auto-transformer  a  definite  portion  of  the  energy  which 
is  transferred  from  the  supply  mains  to  the  service  mains  is 
transferred  by  being  inductively  transformed  from  winding  B, 
Fig.  2,  which  acts  as  a  pri.nary  coil,  to  winding  .4,  which  acts  as 
a  secondary  coil.  In  the  synchronous  converter  a  definite  por- 
tion of  the  energy  which  is  transferred  from  the  supply  mains  to 
the  service  mains,  is  transferred  by  being  inductively  transformed 
from  the  portion  B,  Fig.  1,  of  the  armature  winding,  which  at  the 
given  instant  acts  as  a  motor,  to  the  portion  A  of  the  armature 
winding,  which  at  the  given  instant  acts  as  a  generator. 

The  object  of  this  paper  is  to  determine,  of  the  total  energy 
which  flows  through  a  synchronous  converter,  the  fractional 
part  which  is  conductively  transferred  from  supply  mains  to 
service  mains,  and  the  fractional  part  which  is  inductively  trans- 
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formed.  In  case  of  the  two-ring  converter,  the  inductively 
transformed  energy  consists  of  two  distinct  parts,  namely » 
(a)  The  energy  which  is  transformed  by  simultaneous  and 
balanced  generator-motor  action,  and  (b)  The  energy  which  is 
transformed  by  successive  and  unbalanced  generator-motor 
action.  These  parts  will  be  more  fully  discussed  when  we  con- 
sider the  problem  of  the  two-ring  converter. 

3.  The  Many-ring  Converter. 

Fig.  3  represents  one  side  of  a  two-pole,  many-ring  converter. 
E  is  the  electromotive  force  between  the  d.c.  brushes  a  and  6, 
/  IS  the  direct-current  entering  at  a  and  leaving  at  6,  i  is  the 
current  in  the  armature  wires,  at  a  point  on  the  armature  which 


riu,s 


is  at  angular  distance  /?  from  brush  a,  and  di  is  the  value  of  the 
eltemating-current  flowing  out  of  all  the  collecting  rings  con- 
nected to  commutator  bars  in  the  angular  element  d/?  at  the 
instant  that  these  bars  are  at  angular  distance  /?  from  brush  a. 
The  arrows  represent  the  directions  in  which  the  various  electro- 
motive forces  and  currents  are  considered  as  positive. 

We  shall  assu^w  here,  as  also  in  ine  discussion  of  the  two-ring, 
the  three-ring  and  the  jour -ring  converters,  that  the  converter  receives 
alternating-currents  at  unity  power-factor,  that  alternating  electro- 
motive  forces  and  currents  are  harmonic,  and  that  the  losses  of 
energy  in  the  converter  are  negligible. 

Before  proceeding  to  the  consideration  of  energy  transforma- 
tions, it  is  necessary  to  determine  the  distribution  of  current  in 
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the  armature  for  given  direct  current  output.  From  the  above 
assumptions,  we  have : 

di  = -^cos/?.d/?  (1) 

in  which  A  is  an  undetermined  constant.  Integrating  this  equa- 
tion we  have 

%:= -A  sin l3-\-K  (3) 

in  which  K  is  another  undetermined  constant.  These  constants 
A  and  K  are  determined  by  the  following  two  conditions:  1st. 
The  generator  and  motor  activities  are  at  each  instant  balanced 
ia  the  many-ring  converter  and  2d,  The  alternating  current  input 
of  power  is  equal  to  the  direct  current  output  of  power.  In  order 
to  formulate  these  two  conditions  it  is  necessary  to  find  an  ex- 
pression for  the  generator  (of  motor)  action  in  the  element  d  ^. 
Let  d  (7  be  the  induced  electromotive  force  in  the  element  d  fi. 
Then  it  is  easily  shown  on  the  basis  of  the  above  assumptions  that 

de  ^  iEsinp.dp  (3) 

L'?t  dC^  be  the  generator  action  in  watts  (motor  action  if 
negative)  in  the  element  d^.     Then  d  G  ^  i  .  de.ov 

d  G=  -  ^2-  sin  %d^+^.sin?.d^  ^4^ 

The  first  condition  above  mentioned  requires  that  the  integral 
\jidG  from  ^  =  0  to  ^  =  tt  shalV'^e  equal  to  zero.     That  is: 


/- 


-A  sin^^.d^-f/Csin^.d/^^  0  /gv 

0 

\\  hich  gives 

-%;-  — 2/C=0  (6) 

The  alternating  current  intake  of  power  in  the  half  armature  is 

\E  Hi -COS?)  di 

0 

and  the  direct  current  output  of  power  in  the  half  armature  is 

hEI 

and  these  are  equal,  so  that,  using  the  value  of  d  i  from  equation 
(1),  we  have 


l-  Ca  cos2/?.d/?-.4cos^.d^  =  0 


(7) 
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which  gives 

^  =  0  (8) 

Equations  (6)  and  (8)  determine  the  values  of  A  and  K,  giving 

;  (10) 

2 
Using  these  values  of  A  and  K  in  equation  (2)  we  have 

i=~-y-sinp  (11) 

It  is  worthy  of  note  that  the  problem  of  the  determination  of 
armature  currents  in  a  synchronous  converter  is  one  which  is 
properly  based  in  every  case  on  energy  considerations,  as  in  the 
above  discussion. 

We  are  now  prepared  to  discuss  the  problem  of  energy  trans- 
formations in  the  many-ring  converter.  Since  the  total  genera- 
tor action  which  is  taking  place  at  each  instant  in  the  many-ring 
converter  is  equal  to  the  total  motor  action,  therefore  the  induc- 
tively transformed  power  is  equal  to  the  total  generator  action 
(or  to  the  total  motor  action).  That  is:  the  inductively  trans- 
formed power,  P,  is  equal  to  the  integral  of  (4)  over  those  por- 
tions of  the  armature  where  d  G  is  positive.  Now  dG  is  positive 
where  i  is  positive,  since  d  e  is  everywhere  positive,  and  from 
equation  (11)  we  find  that  i  is  negative  from  fi  =  0  to  .3  =  51^.75, 
positive  from  fi  =  51°.75  to  ,fl  =  128°. 25,  and  negative  from  ^  =- 
128°.25  to  /?  =  180^.  Therefore,  attending  to  one-half  of  the 
armature  and  multiplying  the  result  by  two,  we  have: 

P  =  128^.25 
P  =  Elf-  —  sin'/?.d/?-fisin)3.d/8  (^2) 

/?  =  51°.75 
which  gives 

P-  0.1153  21/  (13) 

That  is,  Hi  per  cent,  of  the  energy  which  flows  through  a 
many-ring  converter  is  inductively  transformed  and  88 J  per 
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cent,  is  conductively  transferred  from  the  alternating  current 
supply  mains  to  the  direct  current  service  mains. 

Remark: — The  activities  of  the  two-ring,  three-ring  and  four- 
ring  converters  are  much  more  complicated  than  those  of  the 
many-ring  converter.  The  wide  separation  of  the  alternating 
current  taps  in  the  few-ring  converter  introduces  pulsations  in 
value  of  current  and  power  in  the  various  windings,  as  they  pass 
a  given  point,  so  that  in  considering  the  internal  actions  of  the 
few-ring  converter,  everything  must  be  expressed  as  a  function 
of  time;  and  in  the  summation  of  generator  and  motor  actions 
time  integrations  are  involved. 

4.  The  Two-Ring  Converter. 

Fig.  4  represents  one  side  of  the  armature  of  a  two-pole  two* 
ring  converter;    r  is  one  of  the  a.c.  taps,  a  and  b  are  the  d.c. 


brushes,  E  is  the  electromotive  force  between  d.c.  brushes,  /  is  the 
direct  current  flowing  in  at  a  and  out  at  fr,  and  i^  and  4  are  the 
values  of  the  currents  in  the  armature  parts  as  shown  at  instant 
t.  The  arrows  show  the  directions  in  which  the  various  electro- 
motive forces  and  currents  are  considered  as  positive. 

The  algebraic  expressions  for  i^  and  i^  are  determined  funda- 
mentally by  the  same  consideration  of  energy  relations  as  in  case 
of  the  many-ring  converter.     These  expressions  are : 


t  —  i  /  -h  /  cos  cj  M 
4  =  i  /  —  /  cos  a;  /  3 


i  /  -h  /  cos  u)  t 

(14) 
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Furthermore, 
e.m.f.  between  a  and  r  =  J  £  (1  —  cos  at  t) 


iwt)  ) 


(15) 

e.m.f.  between  r  and  fr  =  i  £  (1  +  cos  i 

Let  A  be  the  generator  action  (motor  action  when  negative), 
in  watts  between  a  and  r;  and  let  B  be  the  generator  action 
(motor  action  when  negative),  between  r  and  b.     Then 

A  ^  iEI{i  +  icoswt- cos' (o t)  (16) 

5  «  i  E  /  (i  -  i  cos  a>  t  -  cos*  a>  /)  (17) 

«  In  case  of  the  two-ring  converter,  the  total  generator  action 
does  not  bfilance  the  total  motor  action  at  each  instant  and  we 
must  distinguish  two  parts  in  the  inductively  transformed  power, 
namely :  the  power  P  which  is  transformed  by  simultaneous  and 
balanced  generator  and  motor  action,  and  the  power  Q,  which  is 
first  converted  into  kinetic  energy  as  the  armature  is  accelerated 
and  afterwards  converted  back  into  electrical  energy  as  the 
armature  is  retarded. 

The  power  P/2  (the  division  by  two  is  on  account  of  our  con- 
sidering one-half  only  of  the  armature)  is  equal  to  the  integral 
of  A  during  the  time  that  A  is  positive,  B  negative,  and  A 
numerically  less  than  B ;  plus  the  integral  of  B  during  the  time 
that  B  is  positive.  A  negative  and  B  numerically  less  than  -4; 
minus  the  integral  of  A  during  the  time  that  A  is  negative,  B 
positive,  and  A  numerically  less  than  B;  minus  the  integral 
of  B  during  the  time  that  B  is  negative,  A  positive,  and  B 
numerically  less  than  A, — these  integrals  being  extended  over 
half  a  cycle,  and  the  final  result  divided  by  the  duration  of  half 
a  cycle.  The  value  of  P  so  found  when  divided  by  E  I  gives,  of 
the  total  power  which  flows  through  the  machine,  the  fractional 
part  which  is  inductively  transformed  without  passing  through  the 
intermediate  stage  of  kinetic  energy. 

From  equations  (16)  and  (17)  we  find: 

1 .  Generator  action  in  a  r  is  less  than  motor  action  in  r  6  from 
wt  -=  Otoujt  -^  45°. 

2.  Generator  action  a  r  is  greater  than  motor  action  r  b  from 
wt  =-  45°  to  (ot  -  60°. 

3.  Generator  action  takes  place  in  both  ar  and  rb  from 
ft;  /  -  60°  to  w  /  -  120°. 
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4.  Motor  action  in  a  r  is  less  than  generator  action  in  r  6  from 
a>  t  =  12(y*  toa)t  ^  135®. 

5.  Motor  action  in  a  r  is  greater  than  generator  action  in  r  fr 
from  u)  i  «  135®  towt  ^  180®. 

Therefore, 

46*  180»  I860  00* 

P^^XA.dx^-^  Is.d^-^  I  A.d^-^  XB.dx        (18) 

in  which  x  is  written  for  u)  t. 

The  numerical  evaluation  of  the  integrals  in  equation  (18) 
gives: 

^=  0.09517  (19) 


That  is;  9 J  percent  of  the  total  energy  which  flows  through  a 
two-ring  converter  is  inductively  transformed  by  simultaneous 
and  balanced  generator  and  motor  action. 

The  power  Q/2  (division  by  two  is  on  account  of  considering 
one-half  only  of  the  armature)  is  found  by  taking  the  integral  of 
i4+J?  during  the  time  that  this  sum  is  positive,  namely;  from 
wt  ^  45®  to  (ot  ^  135®,  and  dividing  the  result  by  the  duration 
of  half  a  cycle.     This  gives 

185« 


46« 


2cos2^)d^=:  0.3183  (20) 


That  is;  31.8  percent  of  the  energy  which  flows  through  a 
two-ring  converter  is  inductively  transformed  by  successive  and 
unbalanced  generator  and  motor  action. 

From  the  above  results,  it  follows  that  58.65  percent  of  the 
energy  which  flows  through  a  two-ring  converter  is  transferred 
from  the  alternating-current  supply  mains  to  the  direct-current 
service  mains  by  virtue  of  the  conductive  connections  through 
the  converter  armature. 

5.  The  Three-ring  Converter. 
Fig.  5  shows  one  side  of  the  armature  of  a  two-pole  three-ring 
converter: — ^r'andr^  are  two  of  the  three  a.c.  taps;  a  and  b  are  the 
Ac.  brushes  ;i»  i  .  and  i^  are  the  values  of  the  currents  in  the 
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armature  parts,  as  shown  at  instant  t\  E  is  the  electromotive 
force  between  the  d.c.  brushes,   and  /  is  the  steady  current 
flowing  in  at  a  and  out  at  b.     The  arrows  show  the  direction 
in  which  the  various  quantities  are  considered  positive. 
The  algebraic  expressions  for  i^,  ib  and  i^  are 

/  4/ 

i*  «-5  —  »     .—  cos  (o)  t  -  ISO*') 

i^'^-^'^osia^t-SOP)    >  (21) 

For  present  purposes,  we  need  consider  only  the  generator  and 
motor  actions  which  occur  in  the  three  armature  parts  ar'. 


FigUi 


r'r^  and  r^b,  during  one-third  of  a  cycle,  namely,  from  a;  /  »■  0 
to  (ot  =>  120°.  The  integral  of  all  the  generator  actions  in  these 
armature  parts  during  this  thirc  of  a  cycle  divided  by  the  dura- 
tion of  the  third  of  a  cycle,  gives  one-half  of  the  inductively  trans- 
formed power  P. 

The  electromotive  forces  involved  are  as  follows: 

e.m.f .  between  a  and  r '  =  i  £  ( 1  —  cos  a;  /)  (22) 

e.m.f.  between  r '  and  r^  = ~  cos  {co  t  -  30*^)  (23) 

This  equation  is  available  only  from  w  ^  =  0  to  w  /  =-  60® 
since  at  the  instant  'd  t  =»  60°,  r^  coincides  with  b  and  after  this 
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instant  a  portion  of  the  section  r'  r*  is  in  the  half  armatiire  which 
is  out  of  consideration. 

e.m.f .  between  r'  and  6  «  ^  £  (1  +  cos  cj  t)  (24) 

This  equation  is  used  only  during  the  interval  from  a;  /  —  60® 
tocjt^  120®. 

e.m.f.  between  t^  and  6  =  i  £     1  -  cos  (w  /  -  60®)  |  (25) 

Let  A,  B\  B"  and  C  be  the  generator  actions  (motor  actions 
when  negative)  in  the  armature  parts  ar\  r'r^,  r' b  and  r^  b 
respectively  at  instant  t.     Then  we  have : 


A    «=  J  £  ( 1  —  cos  o}t).i^ 

(26) 

B'  ~^^^.cos(ajt     30°). 4 

(27) 

B'  =  i£(l+coswOtb 

(28) 

C    =i£     l-cos(w/--60°)     .te 

(29) 

•Equation  (27)  applies  from  a;  /  =»  0  to  w  /  =•  60®,  and  equation 
(28)  applies  from  a>  /  =  60®  to  a;  /  =  120®. 
From  equations  (26)  to  (29)  we  find: 

A    is  positive  from  (ot=^0  to  cot^  100®.  5 
A    is  negative  iromojt  =  100®.5to<o/  «  120® 
B '  is  negative  all  the  time  during  which  it  applies 
B"  is  negative  from  a>  /  =  60®  to  a;  /  =  79®.5 
B"  is  positive  from  a>  t  =  79.®5  to  (o  ^  =  120®. 
C   is  positive  from  a>  /  =  0  to  a;  ^  =  60® 
Therefore 

ioo«.6  iao»  eo« 

P=~  j/l.djc4-^  I  B^.(ijc  +  J-  j  C.dx         (30) 

0  T9«.6  0 

Substituting  the  values  of  i^,  4  and  i^  from  equation  (21)  in 
equations  (26),  (28)  and  (29),  and  the  resulting  values  of  .4,  B" 
and  C  in  equation  (30)  and  integrating,  we  find: 

P  =  0.2358  E/  (31) 

That  is,  ^3.6  percent  of  the  energy  which  flows  through  a 
three-ring  converter  is  inductively  transformed  by  simultaneous 
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and  balanced  generator  and  motor  action,  and  the  remainder, 
70. 4  percent  is  transferred  from  the  supply  mains  to  the  service 
mains  by  virtue  of  the  conductive  connections  through  the  con- 
verter armature. 

6.  The  Four-ring  Converter. 

Fig.  6  shows  one  side  of  the  armature  of  a  two-pole  four-ring 
converter;  r'  and  r^  are  two  of  the  a.c.  taps;  a  and  b  the  d.c. 
brushes;  fa»  4  and  i^  are  the  values  of  the  currents  in  the  armature 
parts,  as  shown  at  the  instant  t\  E  is  the  el'ictromotive  force  be- 
tween the  d.c.  brushes,  and  /  is  the  current  flowing  in  at  a  and 


//;      E 


FigM 


out  at   b.     The  arrows  show  the  direction  in  which  the   vari- 
ous quantities  are  considered  as  positive. 

The  algebraic  expressions  for  i\,  i^  and  i^  are  as  follows: 

ia  =  -9 >^.    cos(w/  •    135°) 


\/2' 
ib  =  ^-   7|.     cos(^/   ^45°) 


(32) 


ic=    75 7^  .  cos  I  w  t  -^45°) 

Furthermore,  e.m.f .  between  a  and  r'  =  ^  E  (1  -  cos  <d  t)  (33) 

e.m.f.  between  r'  and  r^  =  E  cos  (a;  /  —  45°)  (34) 

e.m.f.  between  r"  and  b  =  ^  E  (1  —  sin  a>  /)  (35) 
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In  the  present  case  we  need  only  consider  the  generator  and 
motor  actions  which  occur  in  the  half  armature  during  a  quarter 
of  a  cycle,  namely,  from  wt^O  to  (ot^  90®.  The  integral  of  the 
generator  actions  in  the  three  armature  parts  a  r\  r'  r^,  and  r^  b 
during  the  specified  quarter  of  a  cycle  divided  by  the  duration  of 
a  quarter  cycle,  gives  one-half  of  the  inductively  transformed 
power  P. 

Let  i4,  B  and  C  be  the  generator  actions  (motor  actions  when 
negative)  in  the  armature  parts  ar',  r*  r^,  and  r*  h  respectively 
at  instant  U    Then  we  have  : 

A  =•  \E{\-co%(s}t)  .1^  (36) 

B  =>  ^-^  .cos  {io  t  -  45°)  .  4  (37J 

C  -  i£(l-sinwO.*o  (3S) 

From  these  equations  we  find 

A  is  positive  from  cut  '^  0  tow  t  ^  90®. 
B  is  negative  from  a>  /  «  0  to  a;  /  —  90®. 
C  is  positive  from  a;  /  =  0  to  w  <  —  90®. 


Therefore, 


90»  90» 


90»  90» 

0  0 


in  which  x  is  written  for  <o  t. 

Substituting  the  values  of  i*  and  !«  from  equations  (32)  in 
equations  (36)  and  (38)  and  substituting  the  resulting  values  of 
A  and  C  in  equation  (39)  and  integrating,  we  find 

P  =  0.1285  E/  (40) 

That  is,  12.9  percent  of  the  energy  which  flows  through  a  four- 
ring  converter  is  inductively  transformed  by  simultaneous  and 
balanced  generator  and  motor  action,  and  87.1  percent  is  con- 
conductively  transferred  from  the  supply  mains  to  the  service 
mains 
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7.  Summary. 

Energy  Transformations  in  the  Synchronous  Converter. 


Number  of 
rings. 


2 
3 

4 

Infinite 


Percent  of  energy 

transformed  by 
successive  and  un- 
balanced    genera- 
tor and  motor  ac- 
tion. 


31.83 
0 
0 
0 


Percent   of   energy 

transformed  by 

simultaneous     and 

balanced  generator 

and  motor 

action. 


9.517 
23.58 
12.85 
11.53 


Percent    of     en- 
ergy conductive- 
ly  transferred. 


58.65 
76.42 
87.15 
88  47 


The  calculation  of  these  results  demanded  a  great  deal  of  pains- 
taking computation;  in  fact,  an  amount  which  is  very  unusual 
in  problems  of  this  kind.  These  computations  were  done  chiefly 
by  Professor  Wm.  Esty,  to  whom  the  author  wishes  to  express 
his  thanks. 

8.  Armature  Reaction  of  the  Many-ring  Converter  and  its 
Effect  in  Distorting  the  Electromotive  Force 
Curve  of  the  Machine. 
Consider  the  distribution  of  the  magnetic  field  in  the  gap-space 
when  the  load  on  the  converter  is  zero,  and  consider  the  distribu- 
tion of  field  in  the  gap-space  when  the  machine  is  delivering  an 
amount  of  direct-current  /.  Let  /  be  the  difference  in  value  of 
these  two  fields  at  a  point  at  angular  distance  p  from  the  direct 
current  brush  a,  Fig.  3.  Let  d/  be  the  variation  of  /  in  the 
element  of  angle  d  ^.  Let  /  be  the  magnetic  length  of  the  gap- 
space  in  centimetres,  n  the  number  of  armature  conductors  per 
centimetre  of  armature  circumference,  and  let  i  be  the  current 
in  the  armature  conductors  at  the  element  d  /9.  Then  from  the 
fundamental  relation  between  magnetomotive  force  ana  current- 
turns,  we  have: 


or 


d/  = 


Aizni 
10/ 


dp 


Substituting  the  value  of  i  from  equation  (11)  we  have 

df 
Integrating 


2i:nl    ,          8  n  I     .     »     ,  _ 
d,3 TTw-sin/?  dfi 


10/ 


10/ 


/ 


2r.nl  3     8n  /cos/? 
'    10/     ■•"        10/       """^ 


(41) 


(42) 


^43) 
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In  which  C  is  a  constant  to  be  determined.  By  symmetry  of 
winding  and  symmetry  of  distribution  of  current  in  two  halves  of 
armature,  the  value  of  /  when  /?  =  0  must  be  equal  and  opposite 
to  the  value  of  /,  when  ^  —  tt.  Applying  this  condition  to  equa- 
tion (43)  we  fin^, 

r  ^^/ 

^ lOT  (44) 

which,  substituted  in  equation  (43)  gives: 

/  -^;(2»r/?+8cos /?-;:»)  (45^ 

This  equation  holds  good  on  one  side  only  of  the  armature. 
For  expressing  the  values  of  /  on  the  other  side  of  the  armature^ 
the  angle  p  must  be  measured  from  the  brush  6,  Fig.  3. 

If  the  electromotive  force  curve  of  the  converter  is  determined 
by  using  an  auxiliary  concentrated  winding  of  T  turns  of  wire, 
then  the  amount  by  which  the  ordinate  of  the  full  load  electro- 
motive force  curve  exceeds  the  corresponding  ordinate  of  the  zero 
load  electromotive  force  curve  at  the  point  P  in  volts  is 

^/  «  ^LTvnl.  (2,r^-h8cos/?-7r»)-J-l(f  (46) 

in  which  L  is  the  length  of  the  armature  in  centimetres  and  v  is 
the  peripheral  velocity  of  the  armature  in  centimetres  per  second. 
If  it  is  desired  to  cut  away  a  layer  of  thickness  x  from  the  pole 
face,  so  as  to  compensate  for  the  armature  reaction  at  full  load. 
causing  the  machine  to  give  the  same  electromotive  force  curve  at 
full  load  as  it  previously  did  at  zero  load,  this  may  be  done  and 
the  thickness  ^  is  a  function  of  p.     In  fact 

B 

in  which  B  is  the  field  intensity  in  the  gap-space  at  zero  load. 
Therefore 

*-l^  (2>ri8+8cosj8-«»)  (47) 
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9.  The  Criterion  op  Reality  of  the  Component  Parts  into 
WHICH  A  Physical  Aggregate  is  Resolved  by 
Mathematical  Analysis. 

In  the  derivation  of  an  algebraic  expression  for  a  determinate 
physical  variable,  two  sets  of  conditions  in  general  apply: — 1.  The 
condition  or  condition*^  which  must  be  satisfied  always  and  every- 
where ;  that  is,  throughout  the  interval  of  time  and  throughout  the 
region  of  space  over  which  the  expression  is  to  apply.  These 
conditions  are  in  most  cases  the  requirements  of  the  principle  of 
the  conservation  of  energy.  2a,  The  condition  or  conditions 
which  must  be  satisfied  at  the  boundary  of  the  region  and  26, 
The  condition  or  conditions  which  must  be  satisfied  at  the  begin- 
ning of  the  time.  Conditions  1  we  will  call  persistent  conditions. 
Conditions  2a  may  be  persistent. 

Consider  as  an  example  the  problem  of  the  vibration  of  an 
elastic  string.  The  energy  of  the  string  is  repeatedly  trans- 
formed from  kinetic  to  potential  and  back  again,  and  the  con- 
stancy of  total  energy  is  expressed  by  the  well-known  differential 
equation: 

which  must  be  always  and  everywhere  satisfied. 

At  the  ends  of  the  string  we  have  the  persistent  conditions. 


y  0  when 


\x^l 


(b) 


Any  motior  of  the  string  is  possible  which  satisfies  these  per- 
sistent conditions.  Suppose  that  at  the  instant  /  =  0,  the  string 
is  distorted  into  the  shape  represented  by  the  equation, 

y-f{x)  (c) 

The  solution  of  the  problem  is 

3/=  i4  sm  — J — h  B  sm  —j—  +  C  sm    — ^ — h (a) 

The  various  terms  in  this  equation  represent  the  component 
parts  into  wliich  the  actual  motion  of  the  string  is  resolved  by  the 
mathematical  analysis  of  the  problem.  Each  of  these  component 
parts  satisfies  all  the  persistent  conditions  of  the  problem  and 
may  therefore  actually  exist  by  itself,  and  there  is  no  reason  why 
we  should  not  look  upon  each  of  these  parts  as  real.  In  general, 
the  component  parts  into  which  a  physical  aggregate  is  resolved  by 
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fnathematical  analysis  may  be  considered  as  real  when  each  of  these 
parts  satisfies  all  of  the  persistent  conditions  of  the  problem  and  may 
exist  alone. 

Consider,  as  another  example,  the  problem  of  the  decay  of 
current  in  an  inductive  circuit  when  the  drivmg  electromotive 
force  is  removed.  Placing  the  rate  of  disappearance  of  electro- 
kinetic  energy  equal  to  the  rate  of  generation  of  heat  in  the  cir- 
cuit, we  have  as  a  result  the  differential  equation: 

Ri^L^^O  (e) 

a  t 

which  equation  must  be  always  satisfied.     Furthermore,  at  the 

beginning,  the  current  has  a  certain  prescribed  value  /.   That  is: 

i  «  /  when  /  =  0  (/) 

The  solution  of  this  problem  is 

ft             f             fi 
t^  r  (1— /+-p^         -__4.___ )  ^^^ 

in  which  R/L  has  for  brevity  been  placed  equal  to  unity.  The 
various  terms  in  equation  (g)  represent  component  parts  of  the 
current  i:  these  parts  do  not  satisfy  the  conditions  of  the  problem; 
they  cannot  exist  alone  under  the  conditions  of  the  problem,  and 
therefore  these  parts  cannot  be  looked  upon  as  physically  real. 
In  general,  the  component  parts  into  which  a  physical  aggregate  is 
resolved  by  mathematical  analysis  cannot  be  considered  as  real  when 
they  do  not  separately  satisfy  the  persistent  conditions  of  the  problem 
and  when  these  parts  cannot  exist  individually  and  separately  under 
the  conditions  of  the  problem. 

Consider  the  case  of  the  polyphase  synchronous  converter  after 
it  is  in  full  operation.  The  persistent  condition  is  equality  of 
inflow  and  outflow  of  electrical  energy  and  constancy  of  kinetic 
energy  of  armatuie.  The  problem  of  the  determination  of  arma- 
ture current  under  these  conditions  leads  to  expressions  [see 
equations  (11),  (14),  (21)  and  (32],  which  involve  two  terms. 
That  is:  the  armature  current  is  resolved  into  two  parts  and 
these  parts  co-respond  to  inflowing  alternating  current  and  out- 
flowing direct  current  respectively.  This  correspondence  strongly 
suggests  the  physical  reality  of  these  two  parts  of  the  armature 
current;  but  as  a  matter  of  fact  neither  part  of  the  armature 
current  satisfies  the  conditions  of  the  problem,  neither  part  can 
exist  alone  under  the  conditions  of  the  problem  and  therefore 
these  parts  are  mathematical  fictions  and  not  physical  realities. 
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Discussion. 

Samuel  Sheldon: — I  had  the  good  fortune  to  see  this  paper 
before  it  was  presented  here,  being  chairman  of  the  Committee 
on  Papers,  and  therefore  I  have  the  advantage  of  the  rest  of 
the  members  present.  I  think  that  the  great  amount  of  work 
which  has  been  put  upon  the  paper  ought  to  be  recognized  by 
the  membership. 

The  conclusion  which  Professor  Franklin  draws  on  the  last  page 
of  this  paper,  is  as  follows: 

'*The  armature  current  is  resolved  into  two  parts,  and  these 
parts  correspond  to  inflowing  alternating  current  and  outflowing 
direct  current  respectively.  This  correspondence  strongly  sug- 
gests the  physical  reality  of  these  two  parts  of  the  armature 
current;  but  as  a  matter  of  fact  neither  part  of  the  armature 
current  satisfies  the  conditions  of  the  problem,  neither  part  can 
exist  alone  under  the  conditions  of  the  problem,  and  therefore, 
these  parts  are  mathematical  fictions  and  not  physical  realities." 

This  agrees  perfectly  with  my  understanding  of  the  case,  but 
I  have  not  come  to  this  conclusion  by  the  application  of  his 
criterion.  It  seems  to  me  that  in  any  portion  of  a  conductor 
that  is  supplied  with  e.m.f.'s  of  any  sort  there  never  can 
be  but  one  current,  and  it  is  always  in  phase  with  itself.  Now, 
I  know  that  it  is  very  convenient,  when  a  wave  is  distorted 
because  of  hysteresis  or  anything  else,  to  divide  the  current 
into  two  parts  which  are  called  wattless  and  watted,  tliese*  com- 
ponents differing  in  phase  by  90  degrees,  but  a  physical  con- 
ception of  the  flow  of  current  in  a  circuit  does  not  permit  of 
such  a  division  of  the  current.  Consider  an  amiature  inductor 
of  a  con  vert '='r.  If  any  current  at  all  flows  in  it,  it  must  flow 
in  either  one  direction  or  in  the  other.  Now,  if  the 
current  be  flowing  in  the  same  direction  as  the  e.  m.  f.,  whicli 
is  being  induced  in  that  inductor,  then  that  particular  inductor 
is  acting  as  a  generator.  If  it  be  flowing  in  an  opposite  direction, 
then  that  particular  inductor  is  operating  as  a  motor.  In  the 
armature  of  any  synchronous-converter  motor  and  generator, 
actions  exist  separately  at  different  parts  of  the  armature. 
They  may  be  balanced,  one  being  equal  to  the  other  but  oppo- 
site in  direction,  but  the  motor  activity  is  transmitted  mechan- 
ically  through  the  structure  of  the  armature.  In  a  three-phase 
converter  it  is  present  at  all  times,  and  the  armature  rotation 
is  synchronous  with  the  three-phase  currents  which  produce 
it.  Therefore,  I  cannot  see  how  Professor  Franklin's  conclusion 
can  be  made  to  correspond  with  the  statement  on  page  876, at 
the  close  of  paragraph  1,  which  says: 

**I  give  in  a  subsequent  section  of  this  paper  a  statement  of 
the  criterion  which  enables  one  to  judge  of  the  physical  reality 
or  unreality  of  the  component  parts  into  which  a  physical  aggre- 
gate is  resolved  by  mathematical  analysis,  and  it  suffices  here 
to  state  that  this  criterion  shows  the  physical  unreality  of  syn- 
chronous motor  activity  and  direct-current  generator  activity 
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as  component  parts  of  the  activity  of  the  synchronous  con» 
verter.'* 

Professor  Franklin  has  called  attention  to  the  fact  that  this 
subject  is  a  difficult  one  to  handle  by  this  method.  This  is  evident, 
and  I  think  the  subject  can  be  treated  in  a  much  more  satisfactory 
manner  in  the  case  of  an  actual  converter,  as  well  as  of  a  theo- 
retical converter,  by  making  use  of  a  series  of  current-time 
curves  plotted  one  above  the  other,  on  abscissas  which  repre- 
sent times  or  angular  positions  of  the  armature  core.  Consider- 
mg  a  bipolar  machine,  the  shape  of  this  current-time  curve  is  tc 
be  derived  by  combining  the  direct  current  rectangular  curve 
which  changes  its  direction  as  the  coil  under  consideration 
passes  under  a  brush,  with  the  alternating  current  curve.  If 
the  latter  be  assumed  to  be  sinusoidal,  as  has  been  assumed 
in  this  paper,  it  will  have  a  maximum  value  of  twice  the  direct 
current  output  divided  by  n  times  the  sine  of  t:  divided  by  n, 
where  m  represents  the  number  of  phases  under  consideration 
or  the  number  of  taps  or  slip-rings.  These  two  curves  are  to 
be  combined  at  a  phase  difference  depending  upon  the  angular 
position  of  the  coil  under  consideration  relative  to  the  coil 
which  is  midway  between  two  successive  taps,  and  upon  the 
power-factor.  In  an  ideal  converter  at  unity  power-factor,  the 
.  alternating  current  in  all  coils  between  two  successive  taps  has 
a  maximum  value  when  the  middle  coil  is  under  the  center  of 
a  pole.  This  method  may  appear  difficult,  but  for  an  actual 
converter  it  is  not  at  all  difficult.  The  drawing  of  the  curves 
merely  involves  the  use  of  a  T-square  and  a  templet  which 
corresponds  to  the  a.  c.  wave  form.  Draw  one  above  the  other, 
and  on  the  same  abscissas,  as  many  current-time  curves  as 
there  are  coils  between  two  alternating  current  taps.  Then,  by 
placing  the  edge  of  a  ruler  vertically  over  any  abscissa,  the 
instantaneous  values  of  the  currents  in  that  particular  phase 
for  any  or  all  coils  at  tfiat  time  can  be  read  off,  and  for  any 
other  phase  the  currents  at  the  same  time  can  be  taken  from 
the  same  set  of  curves  by  displacement  of  the  ruler  by  a  proper 
number  of  degrees.  I  think  that  this  method  has  some  ad- 
vantages over  that  of  Professor  Franklin.  He  has  to  assume 
that  the  e.m.f.,  which  is  induced  in  the  inductors;  that  is,  the 
distribution  of  flux,  is  cosinusoidal.  In  using  the  graphical 
method,  any  distribution  of  flux  may  be  considered,  and 
it  can  be  used  for  determining  the  power  in  any  inductor 
in  any  position.  Furthermore,  the  operation  losses  which  are 
neglected  in  the  analytical  treatment  can  be  considered.  I 
have  employed  the  graphic  method  just  mentioned  and  have 
gone  through  the  calculations  for  the  three-phase  converter,  and 
I  obtain  practically  the  same  results  as  Professor  Franklin 
has  found  here;  namely,  that  about  23  percent  of  the  energy 
is  transferred  by  simultaneous  and  balanced  generator  and 
motor  action.  The  coils  which  are  acting  as  generators  are, 
however,  distinct  from  those  which  are  acting  as  motors  at  the 
same  instant  of  time. 
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[Communicated  after  Adjournment  by    Samuel  Sheldon.] 

Prom  calculations,  which  have  been  carefully  gone  over  since 
the  presentation  of  Professor  Franklin's  paper,  and  which  I  am 
firmly  convinced  are  correct,  the  value  of  the  amoimt  of  energy 
transformed  by  simultaneous  and  balanced  generator  and  motor 
action,  in  the  case  of  a  4-ring  converter,  is  about  18  percent  and 
not  12.85  percent,  as  given  in  the  paper.  Further  calculations 
confirm  the  values  given  in  the  paper  for  the  single-phase  and  the 
ihree-phase  converter. 

It  seems  to  me  unfortunate  that  the  auto-transformer  should 
have  been  chosen  and  used  as  analagous  in  operation  to  the 
converter,  especially  in  the»effort  to  draw  any  conclusions  as  to 
the  physical  reality  or  unreality  of  motor  and  generator  actions. 
The  rotating  part  of  the  synchronous  converter,  through  its 
kinetic  energy,  acts  as  a  medium  of  conversion  between  the 
electrical  energies  of  input  and  output.  The  core  of  the  auto- 
transformer,  through  the  potential  energy  of  its  magnetic  flux, 
performs  a  similar  service.  Therefore  the  presence  of  motor 
activity  is  to  be  looked  for  and  expected  in  the  converter,  and  its 
absence  can  be  postulated  in  the  case  of  the  auto-transformer. 
This  follows  also  from  a  consideration  of  the  field  magnets,  which 
are  present  in  the  case  of  the  converter  but  are  wanting  in  the 
auto-transformer.  Furthermore,  the  inductive  relations  between 
the  different  coils  on  the  core  of  the  auto-transformer  are  at  the 
basis  of  its  operation  and  therefore  the  self  and  mutual  induct- 
ances are  made  comparatively  large,  while  the  inductive  relations 
between  the  coils  on  the  core  of  the  converter  armature  are 
insignificant  factors  in  its  operation  and,  therefore,  the  self  and 
mutual  inductances  are  intentionally  made  small.  In  fact,  the 
differences  between  the  constructions  and  the  methods  of  opera- 
tion of  the  two  machines  are  many  and  fundamental, 
phase  synchronous  converter,  states  as  the  "  persistent  condition" 

Professor  Franklin ,  in  applying  his  criterion  of  reality  to  the  poly- 
the  **  equality  of  inflow  and  outflow  of  electrical  energy  and  con- 
stancy of  kinetic  energy  of  armature."  He  erroneously  includes, 
in  his  treatment  equation  (14),  which  represents,  by  the  two 
terms  of  its  second  member,  the  two  components  of  the  armature 
current  in  a  2-ring  converter.  In  this  machine  there  is  an  in- 
equality between  inflowing  and  outflowing  electrical  energy  and 
there  is  not  a  constancy  of  kinetic  energy  of  armature.  The 
**  persistent  condition  "  may  be  better  stated,  in  that  both  single 
and  polyphase  converters  are  included,  as  follows:  A  constant 
difference  between  tlie  inflow  of  electrical  energy  and  the  kinetic 
energy  of  the  synchronous  converter  armature  which  is  equal  to  the 
constant  outflow  of  energy. 

Professor  Franklin  states  in  substance  that  the  component  parts 
of  an  equation  do  not  stand  for  physical  realities  unless  they  separ- 
ately hold  for  all  the  **  persistent  conditions  **  of  the  problem, 
and  may  exist  alone  all  the  time  under  said  conditions.  He  con- 
cludes that  the  component  parts  of  the  equations  representing 
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motor  and  generator  actions  in  a  converter  cannot  exist  separa- 
ately  all  the  time  and  that  there  are,  therefore,  no  physically  real 
motor  and  generator  actions.  By  the  same  token  his  "Criterion" 
cannot  be  valid  unless  good  for  every  instant  of  the  persistent 
conditions  present  in  a  converter.  Now,  in  a  2-ring  converter 
when  the  a.c.  taps  are  under  the  d.c.  brushes  the  exact  conditions 
are  present  within  the  machine  that  are  found  in  an  ordinary  con- 
tinuous-current motor,  and  no  others.  From  this  it  is  evident 
that  physically  real  motor  action  must  be  the  action  that  is  going 
on  at  that  time.  After  a  revolution  of  the  armature  through  90°, 
the  exact  conditions  of  an  ordinary  continuous-current  generator 
are  present,  and  no  others.  At  that  time  there  must  be  physically 
real  generator  action  going  on.  All  of  this  is  contrary  to  the  con- 
clusions derived  by  Professor  Franklin  from  the  use  of  his  **  Cri- 
terion," and  they  suggest  that  its  use  fails  to  give  a  convincing 
consciousness  of  the  physical  reality  or  unreality  of  the  actions 
which  can  be  represented  by  the  component  parts  of  an  equation 
for  a  physical  aggregate. 
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COMMERCIAL  ALTERNATOR  DESIGN. 


BY    W.    L.    WATERS. 


Deals  with  the  .chief  elements  entering  into  the 
desien  of  alternators  which  affect  the  cost  of  the 
machine  and  gives  a  short  account  of  the  general 
tendencies  in  alternator  design.  Questions  dealt 
with  from  the  practical  rather  than  from  the 
theoretical  standpoint. 

The  design  of  alternators  has  been  treated  times  without  num- 
ber, but  usually  the  commercial  element  in  the  design,  i.e,,  the 
relation  of  factory  cost  to  selling  price,  has  been  left  out.  An 
engineer  has  been  defined  as  a  man  who  can  do  for  one  dollar 
what  any  fool  can  do  for  two,  and  this  definition  applies  fairly 
well  in  connection  with  the  design  of  machines.  The  man  who 
can  design  the  cheaper  machine  to  satisfy  a  given  specification 
is  the  better  designer. 

Speaking  generally,  there  is  no  type  of  alternator  that  will  com- 
pare with  the  internal  revolving-field  type  with  each  pole  carrying 
.  a  separate  field-coil  of  edge-on  copper  strap.  The  revolving- 
armature  type  is  cheaper  for  high  frequencies  and  low  voltages. 
The  inductor  type  is  good  for  small  60-cycle  high-speed  machines, 
and  the  disk  alternator  without  iron  in  the  armature  is  an  excel- 
lent machine  for  high  frequencies.  But  these  machines,  though 
good  enough  in  their  own  limited  field,  do  not  compare  with  the 
revolving-field  type  for  general  all-around  work. 

The  revolving-field  alternator  ^took  its  present  form  about  1892 
when  Mr.  C.  E.  L.  Brown  designed  machines  which  were  practi- 
cally modem  machines,  while  in  1893  Mr.  S.  Z.  de  Ferranti  in- 
stalled some  210  kw  alternators  at  Portsmouth,  England,  which 
were  of  similar  design  to  those  of  Brown*.     Before  this  date 

1.  I  understand  from  Mr.  Brown  that  the  firm  of  Brown,  Boveri  et  Cie, 
deserves  to  some  extent  the  credit  for  the  design  of  the  Portsmouth  alter- 
nators, though  Mr.  Ferranti  was  the  first  to  use  edge-on  copper  strap  for 
£dd  magnets. 
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machines  of  this  type  were  of  a  clumsy  amateur  design,  and  their 
performance  was,  generally  speaking,  very  poor.  And  strangely 
enough,  these  two  engineers  after  bringing  out  a  first-class 
design,  apparently  abandoned  further  development,  and  their 
machines  to-day  are  almost  identical  with  their  machines  of  ten 
years  ago. 

It  has  taken  the  different  manufacturing  concerns  a  long  time 
to  recognize  the  superiority  of  the  Brown  and  Ferranti  type  for 
standard  work,  and  it  is  practically  only  during  the  last  three  or 
four  years  that  this  type  has  been  generally  adopted.  The  result 
is  that  except  for  a  few  minor  details,  the  construction  of  these 
machines  has  been  improved  very  little  since  they  were  first 
introduced,  while  the  excellence,  from  a  commercial  point  of 
view,  of  the  electrical  design  of  Brown's  early  machines  seems 
hardly  recognized  even  yet  by  some  engineers;  and  we  have 
alternators  on  the  market  which  are  for  a  given  performance 
decidedly  more  expensive  than  Brown's  machines  of  ten  years 
ago. 

The  armature  frame  in  the  Brown  type  of  machine  was  simply 
a  skeleton  cast-iron  frame  for  clamping  the  laminations  together, 
and  was  full  of  large  ventilating  holes,  while  the  ends  of  the  arma- 
ture coils  stood  out  from  the  laminations  quite  free  and  exposed 
to  the  full  windage  of  the  magnet- wheel.  The  numerous  holes 
gave  excellent  cooling  effect,  but  they  cut  all  the  strength  and 
stiffness  out  of  the  frame,  and  the  armature  had  to  be  stiffened 
by  a  series  of  tie-rods  or  struts.  This  construction  which  saves 
material  at  the  expense  of  labor,  has  become  standard  with 
German  and  Swiss  firms,  though  on  account  of  its  unsightly 
appearance  it  has  never  found  favor  in  this  country.  This  type 
of  alternator,  shown  in  Fig.  1,  has  retained  practically  its  original 
form  up  to  the  present  and  developments  that  have  taken  place 
have  been  mostly  in  the  Ferranti  type. 

American  and  English  engineers  have  followed  the  Ferranti 
type  shown  in  Fig.  2,  and  made  the  armature  frame  stiff  enough 
to  stand  without  bracing.  The  trouble  with  this  construction 
was  originally  the  poor  ventilation  of  the  armature.  Ventilating 
spaces  were  either  not  used  or  if  they  were,  there  was  no  proper 
circulation  of  air  through  them.  The  end  connections  on  the 
armature  winding  or  the  ends  of  the  coils,  were  packed  tight 
together,  or  were  closed  in  by  cover-plates  permitting  no  ventila- 
tion at  all.  Thus,  the  armature  winding  was  usually  the  hottest 
part  of  the  machine.     So  even  allowing  temperature  rises  of  45®  C, 
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the  machines  would  not  give  an3rthing  like  the  rating  they 
should,  simply  on  account  of  the  poor  ventilation.  And  because, 
when  American  and  English  engineers  took  up  the  revolving-field 
type  of  alternator,  the  badly  ventilated  Ferranti  type  was 
adopted  and  the  great  importance  of  ventilation  was  not  rec- 


FlG.  1. 

ognized,  the  development  of  alternator  design  in  America  and 
England  has  been  comparatively  slow. 

The  improvement  in  ventilation  which  has  recently  taken 
place  in  this  type  of  alternator  is  really  the  greatest  forward  step 
that  has  been  made  and  it  has  given  the  designer  immense  help 
in  increasing  the  output  of  his  machines. 
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Pig.  3  shows  an  old,  badly-ventilated  armature,  while  Figs.  4 
and  8a  show  a  more  up-to-date  well- ventilated  machine.  In  Figs. 
4  and  8a  it  will  be  seen  that  where  the  ends  of  the  armature  coils 
cross  one  another  they  are  separated  by  an  air-space  and  that  the 


Fro.  2. 


end  covers  are  full  of  ventilating  holes,  so  that  there  is  a  circula- 
tion of  air  all  around  the  coils,  and  the  armature  winding  instead 
of  being  the  hottest  part  of  the  machine,  becomes  the  coolest. 
The  armature  core  is  well  provided  with  vent  spaces  both  at  the 
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center  and  at  the  ends,  and  the  air  passing  through  these  vents  is 
free  to  escape  at  the  back  of  the  core.  This  type  of  armature 
coil  has  the  additional  advantages  that  if  lightning  gets  into  the 
machine  or  a  coil  is  burnt  out,  the  damage  is  confined  to  one  coil 


Fig  3 
and  we  do  not  have  half-a-dozen  burnt  out  as  usually  happens. 
Also,  all  the  coils  on  the  armature  are  alike  and  made  on  the 
same  former. 

The  difference  in  .the  cooling  effect  between  these  different 
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types  of  machines  may  not  seem  much  on  paper,  but  it  means  all 
the  difference  between  a  temperature  rise  of  45°  and  one  of  25° 
on  actual  test.  It  means  that  we  need  only  take  into  considera- 
tion efficiency  and  regulation  in  designing  a  machine,  knowing 
well  that  if  these  are  all  right  we  can  guarantee  a  temperature 
rise  of  25°»  even  on  low-speed  machines. 


Fig.  4. 

When  designing  any  machine  we  have  the  choice  of  taking  a 
large  diameter  and  making  the  machine  short,  or  of  taking  a 
small  diameter  and  making  the  machine  long.  The  difference  in 
the  cooling  effect  between  these  two  is  obvious  from  Figs.  5  and  C. 
In  Fig.  5  the  machine  is  small  in  diameter  and  long,  the  poles  aiP 
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crowded  together  and  the  winding  packed  in.  All  the  heat  from 
the  field-coils  has  to  be  got  rid  of  from  the  small  exposed  surface 
at  the  ends  of  the  coils.  In  Fig.  6  the  machine  is  large  in  diame- 
ter and  short,  and  practically  the  whole  surface  of  the  field-coil  is 
available  for  cooling.  In  addition,  the  field-coils  being  separated 
more  from  one  another  and  the  peripheral  speed  being  higher,  the 
cooling  effect  on  the  armature  is  much  greater. 


The  machine  in  Fig.  6  being  built  on  a  large  diameter  will 
require  heavier  castings  and  present  greater  difhculties  in  hand- 
ling, but  the  fact  that  the  designer  need  not  trouble  about  the 
temperature  rise  gives  him  so  much  more  latitude,  that  he  will 
easily  offset  this  slight  extra  expense  by  a  cheaper  design  generally 
and  will  in  addition  have  a  much  cooler  machine. 

The  difference  in  cooling  between  an  alternator  with  armature 
-and  magnets  as  shown  in  Figs.  3  and  5  and  one  with  armature 
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and  magnets  as  shown  in  Figs.  4  and  6  is  so  perfectly  plain,  that 
it  is  quite  surprising  to  find  the  poorly-ventilated  type  still  on  the 
market.  The  only  inference  to  be  drawn  is  that  the  firms 
building  them  have  no  tools  capable  of  handling  the  larger  diam- 
eter castings. 

Coming  to  the  electrical  part  of  the  design,  the  first  thing  to  be 
decided  is  the  specification  to  which  the  machine  is  to  be  built. 
The  firm  with  which  I  am  connected,  having  only  recently  taken 
up  this  work,  has  adopted  for  standard  practice : 


Fig.  6. 

A  temperature  rise  of  30°  C.  on  a  continuous  full-load  run; 

A  temperature  rise  of  45°  C.  on  50  percent  over-load  for  two 
hours; 

A  regulation  of  5  to  7  percent  according  to  the  size  of  the 
machine ; 

And  gives  a  guarantee  that  all  machines  will  without 
damage  give  continuouslv  50  percent  current  over-load  at 
P  F  =  0. 
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Given  our  specifications,  we  have  next  to  decide  what  diameter 
we  shall  make  the  machine  ?  What  magnetic  densities  to  take  in 
the  iron?  What  current  density  in  the  conductors?  What  per- 
centage of  the  pole  pitch  shall  the  pole  face  be?  What  air-gap? 
Of  course,  these  questions  can  only  be  answered  off-hand  as  the 
results  of  experience.  But  generally  speaking  we  can,  after  a  few 
trials,  get  down  to  the  best  design.  We  have  only  to  consider 
the  efficiency,  the  regulation  and  the  cost,  as  with  a  good  design 
the  temperature  need  not  be  considered. 

Tlie  efficiency  of  a  machine  within  ordinary  limits  practically 
depends  on  the  magnetic  densities  in  the  iron  and  the  current 
densities  in  the  copper.  The  higher  the  densities  the  cheaper  and 
the  less  efficient  the  machine.  The  copper-loss  in  the  armature  is 
usually  between  1  and  2  percent.  Apart  from  the  efficiency  this 
is  decided  by  the  regulation,  because  when  you  are  only  allowing 
5  to  7  percent  drop  on  P  F  =  1,  you  cannot  well  have  more  than 
2  percent  of  this  sls  I  R  drop.  This  means  that  in  low-speed 
machines  with  a  large  number  of  poles,  the  current  density  in  the 
armature  is  very  low,  while  in  high-speed  machines  with  few 
poles  the  current  density  can  be  much  higher.  In  practice  it 
varies  from  1200  to  3000  amperes  per  square  inch.  The  iron 
densities  do  not  vary  much  in  standard  machines,  as  the  most 
economical  densities  are  very  fairly  constant  and  independent  of 
the  speed,  and  any  attempt  to  get  higher  efficiencies  by  decreased 
iron  densities  is  likely  to  run  up  the  cost  very  fast. 

The  best  ratio  of  pole  face  to  pole  pitch  is  largely  a  matter  of 
opinion.  If  it  is  large,  say  70  percent,  then  the  e.m.f .  coefficient 
(the  Kapp  coefficient)  is  reduced,  and  the  total  flux  of  the  machine 
increased  and  hence  the  magnets  made  heavier.  On  the  other 
hand  we  have  more  teeth  to  carry  the  flux  so  that  for  a  given 
tooth-density  the  machine  is  shorter.  But  the  armature  core- plates 
are  correspondingly  deeper,  so  that  the  only  saving  is  a  slight 
decrease  in  the  length  of  mean  turn  of  the  armature  winding. 

The  larger  the  percentage  of  pole  face  to  pole  pitch  the  greater 
the  magnetic  leakage,  and  to  a  certain  extent  the  less  the  syn- 
chronizing power  of  the  alternator.  So  that  there  is  little  to  be 
gained  by  much  variation  of  this  ratio,  and  it  seems  advantageous 
to  keep  it  low,  say  between  55  and  65  percent. 

The  air-gap  is  decided  by  the  regulation  of  the  machine.  An 
immense  amount  has  been  written  on  various  theoretical  methods 
of  calculating  the  regulation  of  alternators,  but  broadly  speaking 
the  regulation  depends  on  the  ratio  of  the  ampere-turns  on  the 
armature  to  the  ampere-turns  for  the  air-gap. 
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In  an  alternator  the  armature  conductors  are  cut  by  magnetic 
lines  due  to  the  armature  current  i.e.,  the  armature  self-induction 
line,  and  by  magnetic  lines  due  to  the  magnet  current.  But  the 
self-induction  of  the  armature  varies  with  the  value  of  the  current 
in  the  armature  and  magnets,  and  with  the  relative  position  of 
the  armature  and  magnets.  And  the  useful  lines  due  to  the 
magnets  vary  with  the  current  in  the  armature  and  field  on 
account  of  the  permeability  of  the  iron  and  the  magnetic  leakage. 
So  it  is  obvious  that  the  conditions  to  be  taken  into  account  are 
so  complicated  that  it  is  quite  impossible  to  treat  them  theoreti- 
cally, without  making  so  many  assumptions  that  the  results  even 
when  obtained  cannot  be  directly  applied.  What  a  designer  has 
to  do,  is  to  work  through  theoretically  a  few  simple  special  cases 
himself  and  then  the  results  will  give  him  an  idea  on  what  lines 
to  work,  and  by  means  of  experimenting  on  a  number  of  machines 
he  gets  an  empirical  method  for  calculating  the  regulation. 
Afterwards  as  he  gets  more  and  more  experience  with  alternators^ 
he  introduces  further  refinements,  and  taking  the  regulation 
curves  obtained  by  those  empirical  methods  he  corrects  them  a 
little  by  eye. 

Speaking  generally  from  a  designer's  point  of  view,  an  alternator 
should  be  figured  out  for  a  certain  regulation  on  a  low  power- 
factor,  say  P  F  —  0.  For,  if  the  machine  is  satisfactory  for 
low  power-factors  it  will  be  satisfactory,  f or  P  F  =  1,  while  the 
converse  is  not  true.  Other  things  being  equal,  the  larger  the 
air-gap  the  better  the  regulation  on  the  low  power-factors.  But 
the  leakage-coefficient  of  the  machine  is  an  important  factor,  and 
this  increases  with  the  air-gap.  The  leakage-coefficient  is, 
of  course,  taken  into  account  in  drawing  the  no-load  saturation 
curve — but  we  have  to  remember  that  on  full  load  of  low 
power-factor  the  leakage-coefficient  is  much  increased — the  leak- 
age is  often  doubled — on  account  of  the  extra  ampere-turns 
required  on  the  magnets  to  overcome  the  back  ampere-turns  on 
the  armature.  And  if  the  leakage-coefficient  is  already  high  and 
if  the  density  in  the  magnet  iron  is  also  high,  we  run  a  consider- 
able risk  of  having  the  saturation  curve  bending  over  so  fast  that 
we  cannot  get  our  volts  at  all  on  loads  of  a  low  power-factor.  It 
was  just  this  trouble  that  made  inductor  machines  fall  out  of  use 
for  low  power-factor  loads,  as  they  are  particularly  sensitive  to 
leakage  and  are  always  worked  at  high  densities.  Speaking 
generally,  if  the  no-load  leakage -coefficient  of  a  machine  is  over 
1.30,  and  if  the  density  in  the  magnets  is  over  100,000  lines  per 
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sq.in.,the  designer  has  to  be  very  careful  or  he  will  get  into 
trouble. 

The  regulation  on  noninductive  loads  is  not  affected  by  the 
length  of  the  air-gap  to  the  same  extent  as  the  regulation  on  low 
power-factors.  So  machines  which  are  intended  only  for  lighting 
or  synchron'ous  converter  work  can  usually  be  economically  de- 
signed with  a  smaller  air-gap,  and  hence  smaller  leakage,  than 
machines  for  motor  work. 

In  Europe,  practically  every  alternator  sold  has  to  run  motors 
so  that  the  regulation  either  f or  P  F  =  .8  or  for  P  F  =  0,  has  to 
be  guaranteed.  In  this  country,  on  account  of  the  patent  situa- 
tion, induction  motors  are  used  only  to  a  limited  extent.  As  a 
result  of  this  it  has  become  standard  practice  to  sell  machines  on  a 
regulation  guarantee  for  non-inductive,  rather  than  for  inductive 
loads.  This  is  very  unsatisfactory.  Almost  every  load  that  an 
alternator  has  to  carry  is  to  a  certain  extent  inductive,  e.g,, 
arc  lamps,  transformers  on  light  loads,  rectifiers,  induction  motors 
and  synchronous  motors  unless  the  excitation  is  carefully 
adjusted.  And  as  the  regulation  of  an  ordinary  alternator  on 
P  F  =  .95  is  about  twice  as  bad  as  on  P  F  =  1,  it  is  obvious  that 
a  fairer  guarantee  would  be  to  give  regulation  on  inductive  loads. 
Practically  the  only  exception  to  this  is  the  case  of  an  alternator 
for  use  exclusively  for  running  synchronous  converters.  And 
even  with  a  compound-wound  synchronous  converter  and  an 
inductive  line,  the  power-factor  is  usually  low  and  the  current 
lagging  for  low  loads,  and  if  the  rotaries  have  to  be  started  up 
from  the  a.c.  side,  a  generator  with  poor  regulation  on  low 
power-factors  is  very  noticeable  and  may  give  trouble. 

It  is  extremely  difficult  to  measure  the  regulation  for  P  F  =  1 
on  any  machine  with  good  regulation,  while  on  a  large  machine 
it  is  practically  impossible.  The  result  only  comes  in  as  the  differ- 
enct  between  two  large  quantities,  and  there  are  so  many  disturb- 
ing features  that  the  result  when  obtained  is  not  worth  much. 
On  the  other  hand,  it  is  quite  easy  to  measure  the  regulation  on  a 
very  low  power-factor  by  taking  a  second  machine  and  running 
it  as  a  synchronous  motor,  the  first  one  running  as  a  generator; 
And  then  varying  the  excitation  of  the  motor  and  generator  till  we 
get  full-load  current  flowing  at  full-load  voltage ;  the  power-factor 
in  the  test  will  be  very  low  and  can  with  sufficient  accuracv  to  be 
taken  as  being  zero. 

Alternators  can  be  desi;;ned  so  as  to  satisfy  a  pretty  good 
regulation  specification  for  non-inductive  loads  and  yet  be  almost 
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worthless  for  carrying  loads  of  low  power-factor.  And  as  such 
machines  can  be  made  cheaper  than  if  they  had  to  give  a  reason- 
able regulation  on  inductive  loads,  there  is  a  temptation  for 
manufacturers  to  take  advantage  of  the  fact  that  the  regulation  is 
only  guaranteed  on  P  F  =  1,  and  to  put  in  one  of  these  cheaper 
machines.  It  is  probably  this  fact  that  is  responsible  for  the 
number  of  alternators  having  poor  regulation  on  low  power- 
factors,  that  have  been  installed  in  this  country.  It  would 
certainly  be  an  advantage  from  the  customer's  point  of  view  and 
probably  in  the  end  from  the  manufacturer's  point  of  view  also, 
if  the  regulation  were  guaranteed  for  a  load  of  low  power-factor. 
This  would  make  it  necessary  from  the  commercial  point  of  view 
to  alter  somewhat  the  lines  on  which  modern  alternators  are 
designed,  but  the  cost  of  the  machines  would  not  necessarily  be 
much  increased.  A  modem  alternator  gives,  say,  7  percent 
regulation  on  P  F  ^  1,  and  22  percent  on  P  F  =  .8.  When 
running  with  a  normal  power-f  actor  of  about  .85,  and  a  regulation 
of  about  17  percent,  it  does  not  do  the  station  engineer  much 
good  to  know  that  if  he  had  a  non-inductive  load  he  would  have 
good  regulation.  Such  a  machine  could  be  re-designed  on  some- 
what different  lines,  so  as  to  have  6  percent  regulation  on  P  F 
=  1,  and  12  percent  on  PF  ==  .8,  and  about  i  percent  lower 
efficiency  without  increasing  the  cost  more  than  10  percent. 
Such  a  machine  would  be  much  more  satisfactory  for  general 
work  and  could  probably  be  sold  for  considerably  more  than  the 
machine  designed  only  for  work  on  non-inductive  loads. 

Other  things  being  equal,  the  regulation  of  an  alternator  is 
better  the  more  saturated  the  magnet  circuit ;  this  applies  to  low 
power-factor  loads  as  well  as  to  high.  This  can  be  considered 
simply  as  an  experimental  fact,  or  the  explanation  can  be 
accepted  that  the  voltage  drop  in  an  alternator  is  partly  due  to 
the  reaction  of  the  armature  ampere-turns,  and  that  the  effect 
of  a  definite  percentage  change  in  the  ampere-turns  is  less  when 
the  magnets  are  saturated  than  when  they  are  not. 

Obviously  the  part  of  the  magnetic  circuit  to  saturate  is  the 
magnet  core,  as  the  less  its  cross-section  the  less  its  perimeter  and 
the  less  the  weight  of  the  magnet  copper.  In  the  type  of  magnet^ 
shown  in  Fig.  7  it  is  impossible  to  saturate  the  pole  core,  and  the 
large  amount  of  iron  and  copper  necessary  always  makes  this 
design  needlessly  extravagant.  It,  however,  possesses  the  ad- 
vantage that  the  voltage  can  be  raised  25  or  30  percent,  if  de- 
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sired,  to  compensate  for  an  extraordinary  line-drop.  Usually, 
however,  it  is  sufficient  if  an  alternator  is  capable  of  having  its 
voltage  raised  15  percent  when  carrying  full  load. 

When  designing  an  alternator  for  a  given  output  we  can  take 
either  a  strong  armature  and  a  weak  field,  or  a  weak  armature 
and  a  strong  field.  And  generally  speaking,  the  stronger  the 
armature  we  work  with,  the  cheaper  the  machine  but  the  worse 
the  regulation.  So  to  design  cheap  machines  with  good  regula- 
tion, we  have  to  take  advantage  of  everything  that  will  better  our 
regulation,  i.e.,  we  must  work  with  a  long  air-gap  and  we  must 
saturate  our  poles.  But  a  long  air-gap  means  large  leakage ,  and  as 
I  pointed  out  before,  a  machine  with  large  leakage  and  saturated 
poles  is  the  most  difficult  machine  of  all  to  design.  And  to  make 
a  uniform  success  of  these  machines,  the  designer  must  have  had 
considerable  experience  with  the  type  of  machine  in  question,  and 
must  be  a  very  careful  worker.  In  fact,  when  I  first  started 
designing  alternators  I  was  told  to  put  plenty  of  iron  and  plenty 
of  copper  into  the  magnets  and  then  I  would  be  safe.  I  followed 
this  advice  and  was  always  safe  with  my  machines.  I  think  for  a 
beginner  the  advice  is  very  good  and  that  he  could  not  do  better 
than  to  start  in  with  a  conservative  and  simple  design  like  that 
shown  in  Fig.  7.  But  foi  a  designer  who  has  had  considerable 
experience,  it  is  worth  while  to  attempt  cutting  things  fine,  be- 
cause there  is  quite  20  percent  in  the  cost  to  be  saved  by  doing  so. 

We  are  working  with  a  large  air-gap  and  yet  wish  to  Keep  down 
the  leakage.  There  are  several  things  which  will  hejp  us  in  this, 
but  making  the  pole  pitch  large  and  decreasing  the  length  of  the 
magnet  pole  are  the  most  important. 

Making  the  pole  pitch  large  means  making  the  machine  larger 
in  diameter,  and  shorter.  Beyond  certain  limits  this  increases 
the  cost  of  the  machine,  and  it  is  a  question  to  be  decided  by  the 
designer  as  to  when  the  advantages  obtained  from  the  larger 
pole  pitch  are  offset  by  the  increased  diameter  and  weight  of  the 
castings. 

Decrea^'ing  the  length  of  the  magnet  pole  core  decreases  the 
leakage.  Decreasing  this  length  means  decreasing  the  radiating 
surface,  increasing  the  depth  of  the  magnet  winding  and  hence 
increasing  the  length  of  mean  turn  of  the  magnet  coil  a  little  at 
the  same  time,  and  slightly  decreasing  the  ampere-turns  for  the 
magnetic  circuit.  If  we  use  large  pole  pitches,  giving  plenty  of 
space  between  the  poles  and  short  armatures  and  high  peripheral 
speeds,  we  can  easily  take  care  of  the  increased  temperature  due 
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to  decreased  radiating  surface.  So  that  the  limiting  factor  in 
decreasing  the  length  of  the  pole  core  becomes  the  increase 
weight  of  copper  due  to  the  increased  length  of  the  mean  turn  of 
the  magnet  winding,  caused  by  the  extra  depth  of  the  winding. 
With  good  design  we  can  usually  cut  down  the  length  of  pole  core 
to  about  1  inch  for  every  1500  ampere-turns  required  on  full  load. 
So  that  our  leakage-coefficient  will  generally  not  exceed  1.25, 
which  is  not  excessive. 


Fig.  7. 

To  show  the  effect  of  these  various  points  on  the  design  of  a 
machine  let  us  take  a  definite  example. 

Output  750  kw.  60  cycles,  100  r.p.m.,  72  pole,  2200  volt. 
Specification  to  be : 

Efficiency  at  full  load  95  % 
Regulation    7%  for  P  F  =  1 

16%  for  P  F  =  .8 

25%  P  F  =  0 
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Temperature  rise  on  full  load  PF  =  1,  Armature  30**C., 
Magnets,  20®  C.     (To  take  care  of  the  increased  excitation  on 
loads  of  low  power-factor.) 

A  is  a  machine  which  has  a  pole  pitch  and  diameter  large  enough 
to  use  round  poles,  and  has  saturated  pole  cores.  It  has  a  strong 
armature  and  strong  magnets. 

B  has  a  smaller  pole  pitch,  and  is  a  longer  machine  and  has 
unsaturated  fields.  It  has  a  fairly  weak  armature  and  field,  and 
the  magnet  winding  is  crowded. 


Internal  diameter  of  armature   . 

Length  of  armature  core 

Pole  pitch 

Air-gap 

Peripheral  speed 

Slots  per  pole 

Turns  per  coil 

Magnet  core  section 

Induction  in  magnet  core 

Regulation  PF  =  1 

PF  «  .8 

PP  «0 

Losses  magnet   I'R 

Armature    I'R 

Iron-loss 

Efficiency 

Temperature  rise  of  armature .  . 

magnets 

Weight  magnet  copper 

"       poles 

"       wheel 

armature  copper 

**         laminations  . 

**         frame 

Cost  of  above  material 


207' 

r 

5/16' 

5400 

6 

5 

round 

110000 

7% 

15.5% 

24% 

12500 

10700 

15200 

95.1% 

22°C 

15°C 

1800 

1420 

14000 

1425 

5500 

22000 

$1,645 


161'' 
13J' 

7" 

V 

4200 

6 

3 

rectangular 

95000 

6.8% 

16% 

25% 

8500 

7250 

24000 

95.0% 

30°C 

16°C 

3800 

4500 

15000 

1200 

7500 

18000 

$2,150 


207' 

er 

9' 
6/16' 
5400  r.p.m. 
6 
4 
round 
I 10000 
5.6% 
10% 
16% 
17000  watts 
12000     •• 
19300     •• 
94.0% 
26«C 
26°C 
2300  lbs. 
1780    " 
16000    •• 
810    *• 
6600    " 
22000    " 
$1,710 


So  on  the  principal  items  that  enter  into  the  cost  of  material,  the 
saving  is  about  25  percent  Probably  the  saving  of  the  cost  of 
the  complete  machine  would  be  about  20  or  25  percent.  The  de- 
signs of  these  two  machines  are  a  little  exaggerated  but  they 
show  very  well  the  saving  in  cost  that  can  be  made. 

C  is  the  same  n:iachine  as  a  but  designed  with  a  weaker  arma* 
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ture,  so  as  to  have  better  regulation  especially  on  low  power- 
factors,  at  the  expense  of  a  lower  efficiency.  The  cost  is  about 
the  same. 

The  chief  points  for  a  cheap  design  are  strong,  saturated  mag- 
nets, a  reasonably  large  pole  pitch,  and  as  large  an  air-gap  as  can 
be  run  without  excessive  leakage.  In  machines  of  small  output 
with  a  large  number  of  poles,  it  is  impossible  to  get  a  really 
cheap  design.  The  diameter  is  decided  by  the  number  of  poles 
and  it  is  no  use  making  the  machine  less  than  5  or  6  inches  long, 
so  the  cost  does  not  come  down  very  much  with  the  output. 
Generally  speaking,  if  the  ouptut  of  the  machine  is  less  than  10 
kw  per  pole,  the  design  is  unnecessarily  expensive,  while 
machines  in  which  the  length  of  the  armature  is  about  equal  to 
the  pole  pitch  usually  come  out  the  best.  It  is  for  this  reason 
that  60-cycle  alternators  for  small  outputs  and  120  or  133-cyclc 
alternators  of  all  outputs  are  usually  made  belt-driven.  The 
saving  in  cost  by  this  means  is  often  50  percent.  In  continental 
Europe  where  50  cycles  is  the  usual  practice,  belt-driven  alter- 
nators have  never  met  with  much  favor.  The  universal  custom 
is  to  direct-connect  the  alternator  to  a  low-speed  engine.  The 
result  of  this  has  b^en  that  the  fly-wheel  type  of  alternator  has 
practically  become  standard;  the  poles  of  the  alternator  are 
simply  bolted  to  the  rim  of  the  fly-wheel.  This  type  allows  con- 
siderable saving  in  cost  in  small  50  or  60-cycle  machines  and 
possesses  so  many  other  advantages  that  it  is  being  gradually 
introduced  into  this  country. 

Alternators  for  direct  connection  to  steam  turbines  have  lately 
come  into  prominence.  The  chief  consideration  in  these  machines 
is,  of  course,  the  high  speed  at  which  they  run. 

In  order  to  keep  down  the  length  of  the  machines,  they  have  to 
be  made  with  the  diameter  as  large  as  possible,  so  that  the 
peripheral  speeds  nm  from  12000  to  15000  feet  per  minute.  The 
tensile  stress  in  the  steel  is  not  so  bad,  the  chief  difficulties  lie  in 
getting  the  mechanical  strains  on  the  insulation  of  the  rotor  to  be 
taken  in  such  a  way  that  the  insulation  is  not  damaged,  and  in 
getting  the  rotor  properly  balanced  and  to  run  without  making 
excessive  noise. 

The^  electrical  design  is  much  the  same  as  that  of  belt-driven 
machines,  except  that  the  speed  being  so  high  the  efficiency  is  very 
good,  so  that  the  densities  in  the  armature  can  be  considerably 
higher.  The  pole  pitch  and  the  ampcre-tums  on  the  armature 
being  large,  the  magnets  are  of  necessity  very  strong  and  the 
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air-gap  large,  and  it  is  as  much  the  magnetic  leakage  as  the 
difficulty  of  getting  sufficient  cross-section  in  the  magnet  iron  to 
carry  the  flux,  that  decides  the  output  of  the  machine.  In  these 
machines  just  as  well  as  in  low-speed  machines,  strong  magnets 
and  high  density  in  the  magnets  give  cheap  machines.  But  good 
mechanical  design  will  have  far  more  effect  on  the  cost  than  would 
be  the  case  in  a  low-speed  machine. 

When  starting  to  work  out  a  machine,  an  experienced  designer 
can  guess  pretty  exactly  the  best  diameter  on  which  to  build  it. 
And  he  knows  from  experience  approximately  the  number  of 


Fig.  8. 

ampere-turns  he  can  take  per  inch  periphery  on  the  armature  for 
a  machine  of  a  given  pole  pitch  and  type.  This  gives  him  at 
once  the  number  of  turns  on  his  armature  and  the  ampere-turns 
on  the  magnets.  He  then  completes  this  first  rough  design,  and 
working  out  its  performance  curves  he  can  usually  see  very 
quickly  in  what  way  to  improve  it  so  as  to  obtain  the  best  design 
possible  under  the  circumstances. 

The  speed  and  frequency  are  the  chief  factors  in  deciding  the 
design  of  a  machine,  but  the  voltage,  the  condition  of  operation, 
the  equipment  of  the  factory  in  which  it  is  to  be  built,  the 
facilities  for  obtaining  castings  and  for  shipping  the  completed 
machine — all  are  points  which  affect  the  design  and  have  to  be 
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considered  by  the  practical  designer,  since  the  prime  object  in  a 
commercial  design  is  rather  to  make  profits  for  the  manufacturing 
company  than  to  produce  the  most  perfect  machine.  The  points 
that  have  to  be  taken  into  consideration  are  so  numerous  and 
varied  that  it  is  impossible  to  give  general  rules  for  practical 
design.  All  that  can  be  done  is  to  give  general  directions  and 
after  that  it  is  a  question  of  ability  and  experience  till  the 
engineer  can  produce  the  best  results. 

Neglecting  for  a  moment  the  designs  of  Mr.  C.  E.  L.  Brown,  the 
greatest  change  in  the  design  of  alternators  in  the  last  ten  years 
is  the  improved  ventilation  and  the  increased  magnet  strength. 
In  1893  we  were  working  with  air-gap  densities  of  25000  to  30000 
and  magnets  giving  3500  to  4000  ampere-turns  per  pole  on  full 
load,  while  to-day  we  have  air-gap  densities  of  60,000  to  70,000 
and  magnets  giving  anything  up  to  20,000  ampere-turns  per  pole 
on  full  load  for  ordinary  belt-driven  or  engine-type  machines,  and 
up  to  double  this  on  steam-turbine-driven  machines.  The 
change  has  been  made  so  gradually  that  it  has  hardly  been 
noticed,  but  the  effect  can  be  seen  if  I  give  the  dimensions  on  two 
machines  designed  and  tested,  one  in  1894  and  the  other  in  1903. 
Both  the  designs  are  typical  of  the  condition  of  the  alternator 
design  at  those  dates. 


Output 

Speed  

Cycles 

Type  of  magnets , 

Internal  diameter  armature   .  .  . 
Length  of  armature  laminations 

Armature  ampere- turns 

Ampere-turns  on  magnets  .... 

Efficiency , 

Regulation  P  F  =»  1 

PF  -  .8 

Temperature  rise  of  armature... 

Total  weight  of  copper 

Total  weight  of  machine 

Total  cost  of  material 

(2-bearing  machine) 


1894  Machine. 


50  kw  Single-Ph. 
GOO  r.p.m. 

60 
Lauffcn  Type. 

lOi* 
1380 
4700 

90% 

n% 

Would  not  give  volts 
31°C 
730  lbs. 
7400  lbs. 
$455 


1903  Machine. 


275  kw  3- Phase. 
600  r.p.m. 

60 
Standard  Rev. 
Field  Type. 

as-' 

10' 

1050 

7500 

94% 

5.5% 

14% 

23°C 

680  lbs. 

11000  lbs. 

$490 
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The  output  has  come  up  about  four  times  and  we  have  a  much 
better  machine  as  regards  performance,  and  the  cost  is  about  the 
same.  The  older  machine  having  such  a  low  output  needs  a  lot 
of  unnecessary  material,  simply  to  reduce  the  losses  and  to  give  a 
reasonable  efficiency.  While  in  the  large  machine  we  can  afford 
a  far  higher  loss  without  spoiling  our  efficiency,  so  that  the 
weight  of  material  is  really  not  so  much  more  and  the  better 
mechanical  design  has  made  the  cost  of  material  in  the  two 
machines  about  the  same.  Speaking  generally,  the  whole 
result  has  been  accomplished  by  using  stronger  magnets  and 
higher  densities  throughout. 

Alternating  current  design  has  rather  stagnated  of  late  on 
account  of  the  limited  competition,  and  most  of  the  recent 
developments  have  come  from  the  other  side  of  the  water.  But 
I  think  there  is  enough  in  this  paper  to  show  that  from  the  point 
of  view  of  dollars  and  cents,  it  certainly  pays  to  spend  time  and 
ability  pretty  lavishly  in  designing  alternators. 
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Discussion. 

Mr.  Waters: — T  think  this  is  a  suitable  opportunity  to 
emphasize  the  advisability,  from  a  commercial  point  of  view,  of 
guaranteeing  alternator  regulation  for  power-factor  =  0  rather 
than  for  power-factor  =1.  It  is  true  that  the  Institute  Com- 
mittee on  Standardization  has  formulated  a  rule  for  calculating 
the  regulation  on  non-inductive  loads  from  a  short-circuit  test, 
but  I  think  there  is  a  general  concensus  of  opinion  among  alter- 
nating current  designers  that  the  rule  is  very  unsatisfactory,  and 
that  for  certain  classes  of  alternators  it  gives  results  which  are 
absiird.  And  I  suggest  that  it  would  be  a  good  deal  more  to 
the  point  if  the  Committee  would  recommend  that  the  regula- 
tion be  guaranteed  for  power-factor  «  0,  as  this  gives  the  be- 
havior of  the  alternator  under  the  worst  possible  condition,  and 
in  addition  a  direct  test  can  be  made  to  determine  whether  or 
not  the  alternator  fills  its  guarantee,  instead  of  relying  on  a 
calculation  based  on  arbitrary  assumption,  the  accuracy  of  which 
there  is  nobody  to  vouch  for  in  cases  of  dispute. 

Mr.  David  B.  Rushmore: — The  generator  is  one  of  the  im- 
portant elements  of  a  transmission  system.  The  regulation  of 
the  system  is  largely  dependent  on  that  of  the  generator. 

There  are  certain  peculiarities  of  high-voltage  power  trans- 
mission which  differentiate,  to  some  extent,  the  requirements 
which  a  generator  must  fulfil  from  those  in  other  kinds  of  work. 
The  voltage  of  the  line,  and  sometimes  of  the  generator,  is  high. 
The  long  lines  offer  a  great  many  opportunities  for  trouble,  so 
that  grounds  and  short-circuits  are  of  frequent  occurrence,  and 
the  number  of  severe  strains  on  the  apparatus  is  large.  Some 
systems  have  a  considerable  proportion  of  the  output  utilized  by 
induction  and  synchronous  motors  in  large  units,  which,  when 
used  for  mine  hoists,  or  in  case  the  latter  are  started  by  being 
thrown  on  the  line,  make  the  problem  of  satisfactory  lighting  one 
requiring  care.  Lightning  troubles  are  more  frequent  as  the 
length  of  line  is  increased  and  storms  are  of  greater  violence  in 
mountainous  coimtries. 

J  OR  Y  Connections. 

The  question  as  to  which  type  of  connection  is  better  is  im- 
portant. The  reasons  which  apply  for  and  against  each  type  of 
connection  for  transformers  apply  with  equal  force  to  the  gen- 
erator. One  point  of  especial  interest  is  the  effect  of  a  J  con- 
nection in  a  system  having  a  pronounced  third  or  ninth  harmonic. 
Capacity  in  the  system  tends  to  amplify,  in  the  current  curve, 
any  harmonics  which  may  exist  in  the  original  emf  wave.  Now 
in  a  generator  armature,  or  transformers  having  a  J  connection, 
the  third  harmonic  instead  of  having  a  phase  difference  of  120®' 
in  the  different  legs  is  directly  in  phase  as  shown  in  Fig.  1,  and 
tends  to  send  a  circulating  current  around  the  delta.  In  one 
experimental  alternator  the  current  in  the  delta  was  full-load 
value.  As  this  current  is  limited  by  the  resistance  and  induct- 
ance of  the  generator  and  not  by  the  **  synchronous  impedance  " 
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iw  is  less  in  machines  of  high  inductance.  Modem  generators  "are 
built  with  wave  forms  which  follow  so  closely  the  sine  law  that 
this  fact  is  of  perhaps  more  theoretical  than  practical  interest 
and  yet  should  be  borne  in  mind  as  a  possible  explanation  of 
phenomena  occasionally  found  in  practice.  A  small  amount  of 
static  capacity  is  desirable  in  a  generator  and  it  should  be  less 
with  a  Y  than  with  a  J  armature  connection  owing  to  the  fewer 
turns  on  the  armature.  A  bad  short-circuit  may  bum  out  two- 
thirds  of  a  Y-connected  armature  and  but  one-third  of  a  J. 

It    is   especially    with    regard  to  regulation  that  generators 
should  be  suited  to  the  line  and  conditions  of  service. 

Good  regulation  is  desirable  for  the  following  reasons : 

The  voltage  will  not  rise  to  so  great  a  value  on  sudden 

opening  of  receiver  circuit ; 
Less  careful  attendance  is  necessary  as  the  change  in 
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exciting  power  for  variation  in  load  and  power-factor  is 

less; 
Induction  and  synchronous  motors  may  be  thrown  on 

line  with  less  disturbance. 
Fair  regulation  gives  the  following  characteristics : 

Disastrous  results  from  short-circuits  are  prevented; 
Generators  have  stronger  synchronizing  power  and  make 

better  synchronous  motors ; 
The  charging  current  raises  the  voltage  at  the  generator 

terminals ; 
The  short-circuit    current  is  less  and  the  operation   of 

automatic  devices  for  opening  the  circuit  may  be  easier; 
Better  efficiency  and  a  less  expensive  machine  may  be  had 

than  when  the  regulation  is  better; 
More  even  division  of  load  with  less  cross-current    and 

better  parallel  operation ; 
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The  operation  of  lightning  arresters  will  be  more  satis- 
factory. 
Bad  regulation  produces  : 

Abnormal  variation  in  excitation  and  bad  regulation  of 
system. 

Excessive  rise  of  voltage  due  to  charging  current : 

AbiliLy  to  run  machine  on  short-circuit    momentarily 
without  injury; 

Disastrous  effects  from  sudden  inductive  loads. 
Occasion  is  here  taken  to  call,  attention  to  a  point  in  theory  in 
which  an  error  may  have  been  made  by  some  writers.  It  has 
been  considered  by  many  that  when  the  iron  is  saturated,  in  either 
the  armature  teeth  or  the  pole  comers,  that  the  cross  or  distorting 
ampere-turns  weaken  the  field  by  being  unable  to  increase  the 
flux  as  much  in  the  strengthened  pole  corner  as  it  is  decreased  in 
the  weakened  pole  comer.  So  far  as  is  known  to  the  author, 
every  writer,  with  the  exception  of  Mr.  C.  C.  Hawkins,  has 
adopted  this  view,  and  a  number  of  theories  and  diagrams  for 
predetermining  alternator  regulation  have  been  based  upon  it. 

No  experimental  proof  has  been  shown  to  uphold  it,  but,  on 
the  contrary,  much  that  exists  points  the  other  way.  Brush- 
lead  in  a  continuous  current  dynamo  and  power-factor  in  an 
alternator,  are  in  very  close  correspondence.  In  tests  which 
have  been  made  on  field  exploration  of  continuous  current  gen- 
erators and  speed  tests  on  separately  excited  motors,  both  with 
local  saturation  and  the  brushes  at  the  neutral,  the  evidence, 
while  not  conclusive,  points  to  the  fact  that  the  field  is  not 
weakened  by  armature  reaction  under  that  condition.  In  an 
alternator,  with  current  in  phase  with  the  no-load  e.m.f.,  which 
could  be  obtained  with  a  leading  terminal  current,  the  drop  in 
the  armature  should  be  due  only  to  true- armature  self  induction 
and  resistance,  except  for  minor  causes,  as  variation  in  power- 
factor  of  field.  That  is;  with  non-inductive  load,  in  armature  of 
an  alternator  and  with  brushes  at  neutral  in  continuous  current 
generator,  the  cross  field  formed  by  the  distorting  ampere  turns 
of  the  armature  represents  pure  armature  self  induction  and  is 
not  mterlinked  with  the  exciting  turns.  The  number  of  magnetic 
lines  added  on  one  side  of  the  pole  must  exactly  equal  those  sub- 
tracted on  the  other,  owing  to  the  different  densities,  in  both  air 
and  iron,  the  magnetomotive  forces,  and  not  the  fluxes,  are 
unequal  on  the  two  sides. 

The  wave-form  of  the  generator  should  be  a  sine  wave  and  the 
amplitude  of  any  harmonic  should  not  exceed  from  3  to  5  per  cent 
of  the  fundamental.  The  various  pieces  of  apparatus  through 
which  the  energy  passes  and  the  capacity  of  the  line,  trans- 
formers and  armature,  will  all  tend  to  cause  distortion. 

Ralph  D.  Mershon: — I  have  not  seen  this  paper  before,  but 
there  are  few  things  mentioned  in  it  which  have  struck  me  and 
with  which  I  cannot  quite  agree.  One  is  the  temperature  rise  on 
full  load.     I  do  not  see  any  use  in  a  temperature  rise  as  low  as 
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30°C.  I  do  not  think  any  of  us  will  get  anything  from  the 
electric  companies  that  we  do  not  pay  for,  and  I  think  we  will 
pay  for  a  30°  rise  all  right.  If  not  when  the  company  first  starts 
in  business,  we  will  later.  A  rise  of  40°  or  45°  is  certainly  safe 
with  modem  insulation.  I  think  the  practice  of  the  European 
engineers  has  a  good  deal  to  commend  it.  They  ask  for  a 
machine  that  will  rise  40°  under  full  load,  and  that  is  what  they 
mean.  They  pay  for  a  machine  that  rises  40°,  and  do  not  pay 
for  anything  more. 

There  is  a  statement  made  here  in  regard  to  the  regula- 
tion. The  author  says,  "  In  Europe  practically  every  alter- 
nator sold  has  to  run  motors  so  that  the  regulation  either 
for  power-factor  .8  or  for  power-factor  0  has  to  be  guar- 
anteed.'* Judging  from  some  generators  I  have  seen  lately 
it  must  in  some  cases  be  guaranteed  pretty  high.  I  saw 
not  long  ago  some  European  alternators  of  from  1200  to 
2000  h.p.  capacity.  They  were  some  of  the  most  beautiful 
machines  mechanically  I  have  ever  seen,  but  electrically  I 
thought  them  bad.  When  I  say  '*  bad,"  I  mean  from  the  stand- 
point of  our  ideas  as  regards  regulation.  Those  machines  must 
have  had  a  very  poor  regulation  on  any  power -factor  less  than 
unity,  and  I  do  not  believe  we  could  have  gotten  any  satisfaction 
from  them  in  our  plants  with  a  power-factor  of  .8;  certainly  not 
with  the  attention  that  is  ordinarily  given  here  to  the  operation 
of  machines.  There  was  another  evidence,  in  most  of  the 
European  plants  I  saw,  that  the  regulation  could  not  have  been 
very  good.  It  was  the  switching  arrangements.  In  many  cases 
there  were  no  switches  intended  to  break  the  load  in  case  any- 
thing happened  and  in  no  case  did  I  see  a  switch  which  could 
have  handled  a  short-circuit  if  the  generator  had  had  stiff  regula- 
tion. In  most  cases  on  asking  what  was  done  when  a  short 
circuit  occurred,  I  was  told  that  they  shut  down  either  all  of  the 
plant  or  that  portion  of  it  which  happened  to  be  feeding  the  line 
on  which  the  short-circuit  occurred. 

Harris  J.  Ryan: — I  want  to  say  just  a  word  in  behalf  of  the 
Committee  on  Standardization.  At  the  outstart  of  the  present 
year  the  Committee  appointed  one  of  its  members,  a  well-known 
consulting  engineer,  to  take  up  with  the  electrical  engineering 
profession  in  this  country  the  regulation  of  alternators,' with  a 
view  to  making  a  new  formulation  of  the  wording  and  specifica- 
tion of  procedure  in  Section  71,  I  think  it  is,  of  the  Standardiza- 
tion Code,  or  report,  as  it  is  variously  called;  and  that  member 
of  the  Committee  in  taking  up  this  work — and  he  did  a  great 
deal  of  work  in  this  respect — found  that  as  yet,  at  least  at  this 
immediate  time,  the  concensus  of  opinion  of  the  profession  was 
such  as  not  to  be  prepared  to  accept  any  one  wording  that  could 
be  formulated  to  suggest  to  the  Institute  to  be  substituted  for 
the  present  wording.  The  matter  is  well  in  hand  and  at  a  com- 
paratively early  date  we  hope  to  be  able  to  report  a  suggestion 
for  a  satisfactory  wording  of  that  section. 
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Mr.  Waters: — There  are  one  or  two  points  in  Mr.  Rushmore's 
remarks  which  I  do  not  quite  ajirree  with.  Mr.  Rushmore  calls 
attention  to  the  fact  that  in  designing  alternators  for  running  on 
long  transmission  lines,  we  have  to  allow  for  the  numerous  short- 
circuits  which  take  place,  thereby,  I  suppose,  intimating  that  an 
alternator  with  good  regulation  was  hardly  satisfactory  for  this 
work.  I  think  that  this  is  altogether  wrong.  When  you  have  a 
short-circuit  on  the  system,  the  general  practice  is  either  to  burn 
it  out  or  else  have  the  circuit-breakers  cut  it  out.  If  you  have  an 
alternator  with  bad  regulation  and  leave  it  on  the  line,  it  merely 
means  that  the  pressure  decreases,  so  that  the  motors  fall  out  of 
step  and  the  plant  shuts  itself  down,  the  voltage  not  being  suffi- 
cient to  burn  out  the  short-circuit. 

In  connection  with  inductor  alternators,  I  did  not  mean  to 
suggest  that  an  inductor  alternator  cannot  be  made  with  good 
regulation.  They  certainly  can.  If  you  take  a  200  k.w.  alter- 
nator and  rate  it  down  to  100  k.w.,  you  will  probably  get  a 
machine  with  very  good  regulation,  but  it  will  not  be  a  com- 
mercial machine.  My  paper  was  dealing  with  the  question  of 
dollars  and  cents  in  connection  with  alternator  design,  and  I  say 
that  a  revolving-field  alternator  designed  as  I  have  suggested  is 
simply  above  comparison  with  an  inductor  alternator  on  a 
question  of  cost,  the  difference  being  a  matter  of  perhaps  thirty 
per  cent. 

[Communicated  After  Adjourxment  by  Mr.  W.  L.  Waters.] 
Referrin:^  to  Mr.  Mershon's  remark  that  he  did  not  know  that 
the  temperature  rise  of  a  machine  was  determined  by  the  mechan- 
ical design.  I  would  point  out  that  the  temperature  rise  depends 
on  two  things:  The  watts  to  be  dissipated  in  the  machine  and 
the  rate  at  which  they  are  radiated.  The  watts  to  be  dissi- 
pated depend  on  the  output  of  the  machine  and  on  the  effi- 
ciency; and  the  efficiency  is  decided  by  the  market  standard, 
being  a  commercial  rather  than  an  engineering  question.  So 
we  can  say  that  the  watts  lost  in  a  machine  are  independent 
of  the  design,  and  hence  that  the  temperature  rise  depends 
only  on  the  facilities  for  radiating  a  given  number  of  watts, 
that  is  on  the  ventilation  or  mechanical  design. 

President  Scott: — The  paper  on  Institute  Branch  Meetings, 
prepared  by  Mr.  Calvin  W.  Rice,  tlie  chairman  of  the  Committee 
on  Local  Organizations,  will  be  read  by  Professor  W.  E.  Golds- 
borough   wlio  is  also  a  nie.iiber  of  that  comiiiittee. 


A  pap€r  presented  at  the  ?Qth  Annual  Convention  of 
the  American  Institute  of  Electrical  EnRxncers, 
Siagara  Falls,  June  29,  1903. 


INSTITUTE    BRANCH    MEETINGS.    THEIR   ORGANIZA- 
TION, DEVELOPMENT  AND  INFLUENCE. 


BY    CALVIN    W.    RICE. 


To  any  one  looking  over  the  work  of  the  Institute  of  this  year 
and  comparing  it  with  that  of  previous  years,  there  will  immediately 
appear  an  increased  scope  of  usefulness  of  the  American  Insti- 
tute OF  Electrical  Engineers.  The  situation  is  seen  at  a 
glance  by  looking  at  the  last  pages  of  your  program  for  this  meet- 
ing, showing  the  magnificent  array  of  local  branches  installed 
and  regularly  conducting  meetings.  The  credit  for  the  activity 
is  very  much  due  to  your  President,  Mr.  Scott.  It  has  been  one 
of  the  features  of  his  year's  work,  the  broadening  of  the  influence 
of  the  Institute,  and  on  a  very  high  plane. 

The  idea  of  branch  organizations  was  given  a  number  of  years 
ago,  and  the  Secretary,  Mr.  Pope,  made  a  report  on  it.  How- 
ever, the  President  at  that  time  did  not  favor  the  movement  as 
he  was  fearful  that  it  would  weaken  rather  than  strengthen  the 
Institute.  Some  thought  has  been  given  to  this  contingency, 
yet  at  no  time  has  the  Committee  considered  it  serious.  We 
have  gone  ahead  on  the  principle  that  the  work  is  right,  that  it  is 
for  the  benefit  of  the  Institute  and  of  Engineering  and  that  if 
we  properly  conduct  our  meetings  there  will  be  strength  in 
them;  and  one  need  not  fear  that  the  movement  will  promote 
separate  engineering  societies  in  the  different  cities  which  will 
divorce  themselves  from  the  central  organization. 

The  oldest  local  branch  is  the  one  in  Chicago.  This  was 
established  in  1893  and  hrs  been  regularly  maintained.  An 
average  of  7  meetings  has  been  held  each  year  with  an  average 
attendance  this  last  year  of  70.  The  next  one  to  be  establishes 
was  at  Minneapolis,  April,  1902.     The  larger  number,  however*, 
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were  established  in  the  fall  of  last  year,  and  the  spring  of  tms 
year.  The  largest  number  of  meetings  held  was  at  the  Univer- 
sity of  Wisconsin  where  during  the  last  year  30  meetings  have 
been  held. 

It  was  thought  at  the  beginning  of  the  year  that  the  organiza- 
tion of  local  branches  should  be  in  accord  with  a  definite  pre- 
arranged plan  and  it  was  proposed  to  map  out  a  specific  plan  to 
be  adopted  by  each  branch.  On  account  of  pressure  of  business, 
the  Committee  on  Local  Organization  was  unable  to  go  into  all 
the  details  of  organization,  and  it  has  since  proved  that  perhaps 
this  was  an  advantage,  rather  than  a  detriment.  Greater  spon- 
taneity has  thereby  been  secured  and  a  variety  of  successful 
methods  have  been  developed,  adapted  to  various  conditions. 

I  wish  that  time  permitted  the  reading  of  all  of  the  reports 
which  have  been  received  from  the  several  branches.  These 
have  been  prepared  with  care,  sometimes  the  entire  Executive 
Committee  met  together  to  formulate  the  report  and  recom- 
mendations, and  the  Institute  owes  its  thanks  to  them  for  all 
the  work  they  have  done 

Some  of  the  principal  features  that  one  notes  in  reading  the 
reports  and  in  our  general  observation  of  the  progress  of  the 
year,  is  that,  whereas  meetings  in  New  York  may  be  technical 
or  special,  meetings  in  Local  Branches  must  be  general.  In  all 
the  reports,  one  finds  that  to  maintain  interest,  there  must  be 
more  than  one  set  of  people  on  whom  we  may  draw  for  our 
audience.  Quite  a  number  advocate,  very  properly,  joint  meet- 
ings with  other  engineers.  Some  others  are  positive  that  in  their 
locality  our  meetings  should  be  conducted  independently  of 
other  societies,  but  this  opinion  is  in  the  minority. 

A  very  interesting  feature  of  the  work  has  been  the  large 
attendance  of  non -members  of  the  Institute  at  the  meetings. 
Outsiders  are  attracted  to  the  meetings.  Ten  or  a  dozen  mem- 
bers may  manage  a  meeting  of  a  hundred.  This  illustrates 
the  power  we  have  within  us  if  actuated  by  the  right  princi- 
ples and  on  the  right  plane. 

It  is  generally  suggested,  as  mentioned  above,  that  all  en- 
gineers, regardless  of  their  affiliations,  should  be  invited  to  our 
meetings.  It  may  be  that  we  do  not  care  to  join  in  their  meet- 
ings, but  we  should  invariably  invite  all  engineers  to  and  make 
them  welcome  in  our  meetings. 

It  has  been  almost  universally  reportec^  that  the  papers  of  the 
last  year  have  been  so  diversified  and  of  such  an  interesting  char- 
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acter  that  in  but  one  or  two  cases  has  there  been  any  necessity' 
for  papers  to  be  prepared  on  local  subjects  in  order  to  maintain 
interest.  I  think  this  is  speaking  a  great  deal  for  the  variety  of 
subjects  and  general  usefulness  of  the  papers  presented  during 
the  last  year.  Special  thanks  also  are  here  given,  and  we  tms^ 
the  word  will  be  passed  along  to  the  speakers  themselves,  to 
those  authors  who  have  not  only  inconvenienced  themselves  t^ 
write  papers,  but  to  come  to  New  York  to  read  them,  and  have 
again  read  them  at  some  of  our  branches,  all  of  which  has  tended 
to  promote  the  very  besjt  interest  in  the  Institute  work. 

A  very  good  suggestion  is  that  in  the  branch  meetings  the  New 
York  papers  be  read  by  abstract  only,  and  that  well-informed 
men  be  called  upon  to  give  the  abstract  of  the  paper  and  of  the 
original  discussion.  It  is  quite  uniformly  agreed  that  the  dis- 
cussion, when  the  same  as  that  in  New  York,  need  not  be  printed, 
but  it  is  recommended  that  the  Editing  Committee  give  credit  to 
each  speaker  who  gave  opinions  along  the  same  lines.  One  good 
suggestion  is  that  the  editing  of  each  Local  Branch  be  done  the 
next  day  after  the  meeting  by  the  Committee  in  charge  of  that 
branch.  Another  suggestion  is  that  all  papers  should  be  sent  to 
the  local  branches  with  the  abstract  prepared.  These  ab- 
stracts and  the  papers  themselves  to  be  sent  out  earlier,  and 
still  greater  eflforts  should  be  made  on  the  part  of  the  Committee 
on  Papers  the  coming  year  to  try  to  get  the  papers  sent  well  in 
advance  of  the  meeting. 

One  of  the  evidences  of  the  substantial  work  done  is  the 
request  even  now  for  next  year's  program  and  also  in  the  sugges* 
tion  that  in  Universities  the  members  of  the  junior  class  be  put 
on  the  committee  to  take  part,  so  that  next  year  a  working  com- 
mittee will  already  have  had  some  experience. 

One  special  point  made  in  the  suggestions  received  is  that 
definite  responsibility  for  the  success  of  the  meetings  should  be 
placed  upon  some  one  individual.  He  may  have  a  Committee 
to  assist,  but  some  one  person  should  feel  that  the  success  of  the 
meeting  is  dependent  on  him. 

An  indication  of  the  work  of  the  year  has  been  the  increase  in 
membership,  the  work  of  these  branches  being  carried  on  hand 
in  hand  with  the  Membership  Committee  and  the  other  influ- 
ences of  the  Institute.  In  the  May  announcement,  you  will 
find  the  increase  in  membership  in  half  a  dozen  cities  alone, 
sphere  we  have  local  branches,  has  been  about  350.  The  total 
increase  for  the  year  up  to  May  1st  has  been  stated  in  the  April 
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announcement  in  the  neighborhood  of  850.  Whereas  it  would 
not  be  fair  to  assume  that  the  whole  credit  should  be  gi^en  to 
any  one  feature  of  the  Institute,  still,  it  is  hoped  that  ^he 
Institute  will  give  due  credit  to  the  hard  work  of  the  various 
local  executive  committees  and  secretaries  who  have  kept  up 
the  interest  throughout  the  year  in  the  meetings  at  various 
branch  centers  and  thus  made  the  Institute  felt  as  it  never 
before  has  been. 

At  the  beginning  of  the  year  an  appropriation  of  $1,000  was 
asked  to  carry  on  the  work  of  the  season.  The  expenses  of  the 
year,  as  reported  in  the  Secretary's  statement  of  Jime  19th.  have 
been  $849.64.  It  has  been  the  uniform  practice  to  offer  to  meet 
the  reasonable  and  necessary  expenses  of  Local  Branches,  it  being 
considered  that  we  should  do  this,  for  the  reason  that  the  mem- 
bers that  have  subscribed  their  yearly  dues  should  not  be  further 
called  upon  to  contribute.  At  one  point,  the  local  membership 
have  been  assessed  one  dollar  by  their  own  committee;  such 
contributions  should  be  voluntary  rather  than  obligatory. 

From  a  financial  point  of  view,  therefore,  upwards  of  300 
members  have  been  either  influenced  or  encouraged  to  join  the 
Institute,  due  to  the  activity  of  the  Local  Organizations, 
bringing  into  the  Institute  immediately  $1,500  and  a  probable 
permanent  annual  income  of  $3,000,  and  at  an  outlay  of  less  than 
$1,000;  this  without  reference  to  the  Student  enrolment.  This 
statement  is  simply  to  show  that  the  movement  has  been  self- 
supporting,  to  say  nothing  of  the  remarkable  increase  of  influence 
and  power  of  the  Institute. 

I  cannot  do  better  in  closing  this  report  than  to  quote  the 
remarks  of  the  secretary,  Mr.  Philander  Betts,  of  the  Washington 
Branch :  "  We  are  unanimous  in  our  desire  to  have  our  meetings 
so  conducted  that  they  will  become  a  common  meeting  ground 
for  all  engineers." 
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Discussion. 

President  Scott: — At  the  beginning  of  the  year  when  it 
Dccurred  to  me  that  the  Institute  might  work  in  a  field  in 
which  it  could  come  in  contact  with  the  college  student,  carrying 
to  the  students  something  of  the  spirit  of  actual  engineering 
work,  I  wrote  several  letters.  On  the  whole,  the  best  answer 
that  I  received  was  from  a  gentleman  who  is  here  to-day,  who 
took  up  the  idea  with  a  good  deal  of  interest  and  vigor. 
During  the  year  he  has  fostered  the  Institute  branch  meetings 
in  the  institution  with  which  he  is  connected  as  head  of  its 
electrical  engineering  department.  I  am  interested  to  know 
what  he  thinks  of  it  at  the  other  end  of  the  year.  I  am  going 
to  call  on  Professor  Ryan  of  Cornell  University  to  open  the 
discussion. 

Professor  Harris  J.  Ryan: — I  am  more  enthusiastic 
over  the  scheme  that  we  have  just  heard  of  in  the 
paper  written  by  Mr.  Rice  than  I  was  in  the  beginning, 
and  in  connection  with  my  letter  in  which  I  expressed  my  en- 
thusiasm to  your  President,  I  want,  in  speaking  in  behalf 
of  the  branch  at  Ithaca,  those  in  charge  of  the  work  and  our 
young  men  who  are  members  of  it,  to  express  to  the  Institute 
our  heartiest  thanks  for  the  kind  courtesy  shown  in  inaugurat- 
ing this  scheme  and  for  what  you  have  done  for  us.  There 
we  have,  practically,  the  work  of  the  local  branch  as  a  part  of 
the  regular  work  in  electrical  engineering  instruction.  It  is 
not  exactly  required,  because  we  felt  that  in  inaugurating  the 
work  there  it  was  important  that  the  work  on  the  part  of  the 
individual  student  should  remain  his  own  choice  as  much  as 
possible.  However,  attendance  at  the  meetings  and  taking 
part  in  the  work  secure  credit  in  lieu  of  required  work  in  the 
regular  course  of  electrical  engineering  instruction.  Our  plan 
is  to  abstract  the  papers,  to  present  them  before  members  of 
the  senior  class  and  certain  members  of  the  junior  class  that 
are  well  on  with  their  work,  together  with  all  local  members 
of  the  Institute  resident  at  Ithaca;  to  abstract  these  papers 
and  then  interpret  them  to  the  students,  using  for  this  purpose 
the  more  able  members  of  the  senior  class  and  graduate  class 
assisted  by  the  officers  of  instruction,  and  likewise  with  the 
assistance  of  the  local  resident  members  of  the  Institute.  We 
supplement  the  work  with  biographical  accounts,  brief  sketches, 
of  the  careers  of  the  men  who  are  the  authors  of  the  papers,  so 
that  the  young  men  go  forth  with  a  little  knowledge,  at  least, 
of  the  men  who  in  electrical  engineering  matters  are  a  power 
in  our  nation.  When  the  reports  of  the  discussions  come  those 
are  gone  over,  sometimes  abstracted  and  in  abstract  form  pre- 
sented to  the  students,  and  sometimes  in  toto.  The  young 
men  take  great  interest  in  the  discussions,  as  well  as  in  the 
papers,  for  the  reason  that  the  off-hand  subject  matter  they 
can  comprehend  at  once  right  then  and  there ;  and  in  this  manner 
the  effect  and  the  results  of  this  movement  on  tlje  part  of  the 
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Institute,   with  us,  have  fully  met  the  expectadons  of  your 
president  and  the  gentlemen  who  have  inaugurated  the  scheme. 

President  Scott: — In  connection  with  the  local  mc/ement 
there  is  one  gentleman  who  has  a  unique  prominence,  being  at 
the  head  of  two  of  the  local  organizations,  one  in  a  uni- 
versity vP^J*(iue),  the  other  in  a  city  (St.  Louis) — Professor 
Goldsborough. 

Professor  W.  E.  Goldsborough: — As  regards  the  local 
branch  movements  at  Purdue  and  in  St.  Louis,  I  think  they 
have  both  been  quite  successful  during  the  past  year. 

When  the  year  opened  we  had  at  Purdue  an  electrical  society 
which  had  been  in  existence  four  or  five  years;  we  now  no 
longer  have  a  Purdue  Electrical  Society,  but  the  Purdue  Branch 
Df  the  American  Institute  of  Electrical  Engineers,  and  this  ii 
the  only  electrical  engineering  organization  at  the  university. 

The  meetings  stimulate  our  young  men,  and  bring  them 
into  touch  v/ith  matters  outside  of  the  university  in  a  way  that 
is  distinctly  good.  We  have  not  given  the  boys  any  official  credit 
at  Purdue  for  the  work  which  they  have  done  in  connection  with 
the  Institute  meetings.  That  is,  we  do  not  recognize  this 
activity  as  being  a  university  exercise.  It  has  been,  with  us, 
a  means  of  stimulating  the  young  men  to  make  their  own 
success  of  the  meetings;  and  the  members  of  the  faculty  take 
just  as  little  part  in  the  meetings  as  possible.  We  want  to  have 
the  boys  learn  to  do  these  things  for  themselves. 

At  St.  Louis  we  have  held  meetings  regularly  every  month, 
and  to  our  secretary,  Mr.  Swope,  I  think  the  success  of  our 
work  is  due.  If  we  can  have  a  man  devoting  as  much  time 
and  energy  to  the  Institute  meetings  in  each  city  as  Mr.  Swope 
does  in  St.  Louis — and  I  doubt  not  other  secretaries  are  quite  as 
energetic — it  will  mean  that  in  the  course  of  a  few  years  we 
will  be  having  "New  York  meetings"  everywhere,  and  it  will 
be  quite  as  much  a  treat  for  the  New  York  members  to 
have  our  discu^'sions  as  for  us  to  have  the  New  York  discussions. 

President  Scott: — I  wish  we  had  time  to  read  the  letters 
that  Mr.  Rice  spoke  of.  There  are  quite  a  number  of  them,  but 
it  is  hardly  practicable  to  read  them  here.  One  of  the  good 
letters  was  from  Mr.  Junkersf eld,  secretary  of  the  Chicago  organ- 
ization. 

Peter  Junkersfeld  : — As  for  our  work  in  Chicago,  as  stated 
in  the  report,  it  is  one  of  the  oldest,  if  not  the  oldest,  branch 
of  the  Institute.  For  several  years  the  meetings,  while  they 
were  held  at  fairly  regular  intervals,  could  not  bring  out  a 
very  large  attendance,  one  reason  being  perhaps  that  there 
are  two  other  engineering  societies  in  Chicago. 

One  of  the  points  that  I  think  deserves  perhaps  a  little  mora 
mention  is  the  fact  that  an  effort  should  be  made  to  hold  our 
meetings  before  the  discussion  is  printed  in  the  various  elec- 
trical papers.  We  found  in  Chicago,  where  the  meetings  were 
usually  held  tea  days  after  the  New  York  meetings,  that  the 
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matter  was  just  a  little  stale.  The  tnenibers  had  read  all  the 
New  York  discussion,  and  they  felt  th^t  everything  possible 
had  been  said;  and  I  think  if  the  papers  were  sent  out 
promptly  and  meetings  held  before  the  discussion  is  published, 
the  whole  matter  would  be  fresher  and  we  would  really  get 
more  local  discussion  and  more  local  interest.  That  is  a  point 
that  we  feel  in  Chicago  particularly. 

Then  there  is  a  serious  question,  too,  as  to  the  influence  of 
the  other  societies.  The  work  has  been  going  on  harmoniously 
and  all  of  them  have  very  good  meetings,  but  if  we  could  com- 
bine our  efforts,  which  we  may  be  able  to  do  at  some  time  in 
the  future,  we  think  it  would-be  very  beneficial  to  the  Institute. 
Professor  Ryan: — Speaking  in  behalf  of  the  Ithaca 
brancli,  I  would  like  very  much  to  say  that  they  would  be 
heartily  pleased  to  contribute  to  the  expense  of  the  mainte- 
nance of  that  branch.  It  certainly  must  cost  quite  a  little  to 
furnish  us  the  large  number  of  reprints  of  the  papers  as  the 
Institute  has  during  the  past  year.  A  large  proportion  of  the 
class  in  the  outset  said  that  they  would  be  perfectly  willing 
to  pay  the  regular  price  of  the  transactions  in  order  to  get 
those  papers.  Naturally,  the  matter  was  not  taken  up  further 
when  the  papers  came  along  without  price. 

President  Scott: — I  would»like  to  ask  Professor  Ryan  how 
the  new  student  privileges  meet  the  demands  of  these  uni- 
versities. 

Professor  Ryan  : — I  think  that  60  to  75  per  cent,  have  not 
tried  it  yet,  it  was  too  late  in  the  year.  It  probably  will 
entirely  meet  the  demand.     That  is  my  impression. 

Secretary  Pope: — I  see  that  the  branches  call,  as  mem- 
bers have  called  and  meetings  have  called,  ever  since  I 
have  been  Secretary,  for  the  earlier  publications  of  the 
papers.  With  competent  assistance  at  headquarters,  and  the 
use  of  the  typesetting  machine,  and  rapid  processes  of  engrav- 
ing, we  practically  rival  the  evening  newspapers  in  getting 
out  our  edition  of  advance  papers — ^when  we  get  the  copy.  We  have 
gone  so  far  as  to  rewrite  papers,  but  we  have  not  yet  originated 
them.  When  the  actual  authorship  of  papers  is  delegated  to 
the  Secretary's  ofHce  perhaps  we  will  be  able  to  get  them  out 
a  little  earlier. 

So  far  as  the  Secretary's  office  is  concerned  with  branch 
meetings  I  feel  that  we  have  not  really  done  justice  to  the 
work.  We  have  a  great  many  other  things  to  attend  to,  and  they 
all  come  along  in  a  buncli,  and  it  has  grown  on  me  during  the 
last  year  that  this  was  work  for  some  one  man  to  do,  who  was 
interested  in  it,  and  familiar  with  tlie  requirements,  and  per- 
haps one  of  these  local  secretaries  mentioned  will  develop  some  day 
into  a  general  local  secretary  to  take  care  of  the  branch  business. 
Really,  it  has  become  sufficiently  important,  as  we  may  see 
from  the  experience  of  the  last  year.  Before  they  were  fairly 
started,  we  began  to  see  the  end  of  the  season,  but  we  are  now 
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in  better  shape,  so  that  we  can  make  an  earlier  and  a  better 
start  next  year;  and  if  the  interest  keeps  up,  as  there  is  ever)' 
reason  to  beUeve  it  will,  the  branch  movement  will  be  a  very 
important  part  of  the  work  of  the  Institute,  and  you  can  see 
from  what  these  gentlemen  have  said  to-day  that  it  is  of  im- 
portance to  the  future  of  the  Institute.  These  young  men 
coming  up  learn  not  only  of  the  work  of  the  members,  but  of 
the  personality  of  the  members  themselves — their  biographies, 
who  they  are.  They  come  to  our  meetings,  and  they  meet  the 
older  members  face  to  face,  and  when  they  go  out  into  the 
engineering  world  one  of  the  first  things  they  will  find 
they  require  to  qualify  them  is  to  become  members  of  the 
Institute  and  cooperate  with  others  in  the  general  progress. 
Now,  this  is  the  work  not  only  of  the  branches,  but  also  of  the 
student  enrolment  which  has  been  inaugurated,  and  which, 
as  you  are  probably  aware,  is  limited  to  three  years.  No  one 
can  be  enrolled  as  a  Student  for  more  than  three  years,  after 
which  time  it  is  supposed  he  will  become  eligible  and  will  become 
an  Associate ;  and  in  the  discussion,  and  in  the  formation  of  that 
enrolment,  as  we  call  it,  of  students,  the  whole  object  of  that 
work  is  the  future  of  the  Institute.  We  have  undertaken  the 
work  at  a  loss.  It  doesn't  pay  the  expense  of  carrying  it  on, 
but  what  we  look  for  is  the  future  development  that  will  come 
from  the  enrolment  of  these  students  and  the  training  them  up 
in  the  way  that  they  should  go. 

MONDAY. EVENING    SESSION. 

President  Scott: — In  the  American  Institute  of  Electrical 
Engineers  a  large  part  of  our  work  is  Uie  recording  of  what  has 
been  done,  the  gettmg  together  of  data,  the  description  of 
electrical  work  that  has  been  accomplished,  in  order  that  we 
may  know  what  has  been  done,  and  how  new  work  should  be 
done,  as  a  basis  for  the  future.  We  also  extend  out  from  the 
present  and  fro:n  what  has  been  accomplished,  to  that  which  is  to 
be  accomplislicd  along  the  same  lines.  F'or  example,  we  have  the 
electric  railway  accomplisliing  certain  things  now,  but  ad- 
vancing on  to  new  lines  of  activity,  to  higlier  speeds  and 
heavier  work. 

Another  department  of  work  in  whic^h  it  is  from  time  to  time 
the  privilege  of  the  Institute  to  take  part,  is  that  in  which  we 
branch  out  into  the  new  things,  where  scientific  discovery  of 
a  new  order  in  its  application  to  useful  ends  brings  to  us  a 
new  kind  of  phenomena,  a  new  kind  of  application,  and  it  i? 
to  work  in  this  field  that  we  are  to  be  treated  with  a  presenta- 
tion to-nio^ht.  The  Carrying  of  electricity  through  gases  and  the 
illumination  of  gases,  which  a  few  years  ago  was  simply  a 
scientific  experiment,  is  now  brouglit  into  practical  use  through 
the  experimenter  and  the  engineer.  It  is  our  privilege  this 
evening  to  hav^e  explained  and  demonstrated  to  us  some 
of    the    latest    developments    in   this   line,   ^vhiol:    nrc    giving 
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great  promise  for  the  future,  as  they  deal  with  certain  operations 
of  lighting  and  current  transformation  which  are  of  the  greatest 
practical  and  commercial  value. 

The  main  presentation  will  be  made  by  Dr.  von  Reckling- 
hausen who  will  be  followed  by  Mr.  P  H.  Thomas,  who  will 
describe  the  apparatus.  I  have  pleasure  in  introducing  Dr. 
von  Recklinghausen. 

Dr.  Max  Von  Recklinghausen: — Since  the  Hewitt 
lamp  was  first  shown,  at  the  Conversazione  of  the  Ameri- 
can Institute,  two  years  ago,  this  type  of  lamp  has  aroused 
the  greatest  interest  throughout  the  world.  A  steadily  increas- 
ing number  of  electricians  and  physicists  have  stepped  into 
this  so  intensely  fascinating,  newly  opened,  or,  to  be  more 
exacts  re-opened  field  of  research.  We  may  therefore  expect 
a  speedy  development  of  the  mercury  lamp  and  its  many- 
sided  applications. 

I  thought  it  would  be  appropriate  at  this  stage  of  the  art  to 
look  back  on  the  earlier  work  in  this  direction,  particularly 
since  the  principle  underlying  the  Hewitt  lamp;  that  is,  the 
passing  of  current  through  mercury  vapor,  is  one  of  the  very 
oldest  ever  applied  for  the  generation  of  electric  light — older, 
leally,  than  our  whole  electrical  industry. 

As  early  as  1860  Professor  Way  of  England  demonstrated 
the  enormous  candle  powers  obtainable  by  using  mercury  vapor 
as  a  conductor  of  the  electric  current.  He  used  for  his  lamp 
an  apparatus  having  two  reservoirs,  both  of  them  filled  with 
mercury.  Each  reservoir  was  connected  with  one  pole  of  the 
line.  A  little  cock  was  opened  on  the  upper  reservoir,  and 
mercury  was  allowed  to  flow  through  to  the  lower  reservoir. 
The  current  going  through  that  fine  stream  of  mercury  healed 
the  stream  and  brought  it  to  evaporation.  The  current  formed, 
then,  an  arc  between  the  nozzle  of  the  upper  reservoir  and  the 
surface  of  the  lower  reservoir.  He  seems  to  have  tried  this  not 
only  under  atmospheric  pressure  but  also  in  a  vaccum.  Way 
examined  in  detail  the  color  of  the  mercury  light  obtained  in  this 
manner,  and  he  remarked  on  the  strange  look  of  things  and  faces 
in  the  light.  We  have  some  extremely  enthusiastic  repo:ts 
from  that  time  in  the  newspapers  as  well  as  in  the  reports  of 
Trinity  House,  the  English.  Lighthouse  Commission,  on  the 
enormous  far-carrying  candle  power  of  the  mercury  vapor  light 
obtained  by  this  means.  Had  the  current  sources  at  that  time 
been  more  commercial — they  being  primary  batteries,  of  course 
— who  knows  whether  the  green-blue  of  the  mercury  lamp 
would  not  by  this  time  have  become  indispensable  to  us.? 
Whether  we  should  not  have  become  so  used  to  this  color  of 
light  as  to  call  the  color  of  faces  exposed  to  it  beautiful.?  After 
all,  beauty  is  only  a  matter  of  custom. 

Other  problems,  more  important,  came  up  in  the  electrical 
field,  and  the  mercury  lamp  was  entirely  forgotten  for  a  got  d 
many  years.     The  first  we  hear  about  it  is  in  a  patent  granted  ^o 
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Rapieff  in  1879.  Rapieff  used  an  inverted  glass  U,  the  two 
columns  of  which  were  filled  with  mercury.  It  was  constructed 
about  Uke  this,  (indicating)— the  U  was  tilted  over  so  as  to 
allow  the  two  mercury  columns  to  connect ;  then  the  U  was 
tilted  up  again,  and  after  the  metalHc  connection  was  broken, 
current  went  through  the  gas  above  the  columns.  In  his 
patent  he  does  not  speak  very  fully  of  what  the  gas  must  be. 
He  mentions  mercury  vapor.  He  says  one  can  also  apply  a 
vacuum. 

A  patent  by  Rizet,  of  March  20,  1880,  described  a  ver>'  similar 
U-shaped  lamp.  Rizet  proposed  early  to  alter  the  green-blue 
color  of  the  mercury  vapor  by  having  certain  gases  filling  the 
space  between  the  mercury  electrodes.  Amongst  others,  he 
proposes  nitrogen,  which  gives  a  reddish  discharge. 

In  1887  Langhans  obtained  a  patent  for  a  U-lamp  practically 
the  same  as  the  one  that  Rapieff  first  made.  How  far  those 
three  men  tried  the  lamps,  it  is  hard  to  say.  One  thing  is  cer- 
tain— they  were  not  commercially  successful. 

The  first  really  successful  mercury  lamp  was  made  and  de- 
scribed m  1892  by  Arons,  the  German  physicist.  He  made 
little  U -lamps  very  much  in  the  same  way  as  Rapieff  describes 
them.  (By  the  way,  I  do  not  think  that  he  knew  anything 
about  Rapieff 's  patent  or  any  of  the  earher  ones.)  Those  little 
U-lamps  were  filled  with  mercury,  and  he  makes  a  particular 
point  that  the  air  above  the  mercury  must  be  exhausted  very 
carefully.  He  found  very  soon  that  that  was  one  of  the  most 
important  things  to  observe  for  obtaining  a  good  mercury 
light,  to  have  an  extremely  good  vacuum.  The  mercury  vapor 
formed  inside  must  be  quite  free  from  other  gases,  Arons  goes 
into  detail  into  the  question  of  tlie  color  of  the  spectrum  of  the 
mercury.  Furthermore,  he  detern.incd  the  efficiency  of  the  mer- 
cury are  obtained  in  this  way  and  he  found  it  to  be  far  su- 
perior to  any  other  artificial  li'^ht  source.  He  made  rather 
exhaustive  experiments  to  determine  the  influence  of  the  length 
of  the  gas  column  o.i  the  voltage,  and  found  the  law  to  be 
fairly  simple.  Arons  did  not  succeed  in  making  a  lamp  that 
could  be  run  with  little  ballast  or  no  ballast  resistance.  His 
lamps  had  to  be  run  with  40,  (K),  70  and  SO  per  cent,  ballast 
resistance  if  he  wanted  to  keep  them  running  at  all.  This,  of 
course,  spoiled  the  extremely  high  efficiency  that  the  lamp  has 
in  itself,  commercially,  because  so  lar^^e  a  per  cent,  of  the  energy 
is  absorbed  in  the  ballast.  Arons  did  not  appreciate  fully  all 
the  important  influences  governing  the  electrical  characteristics, 
especially  the  conductivity  of  the  vapor.  He  could  make  the 
lamps  satisfactory  only  by  absorbing  in  water  the  heat  devel- 
oped by  the  lamp.  The  iam[)S  wliicli  were  on  the  market  for 
spectroscopic  w  )rk  were  those  U-lanips,  as  described,  in  a  box 
with  running  water.  It  is  natural  that  such  a  lamp  would  not 
be  satisfactory  for  illuminating  purpi.scs.  One  had  first  to 
understand  clearly  'vliich  were  the  factors  governing  the  elec- 
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trical  characteristics,  especially  the  conductivity  of  the  vapor, 
before  one  could  begin  to  construct  a  serviceable  lamp. 

This  is  the  point  at  which  Cooper  Hewitt  stepped  in.  Hewitt's 
investigations  in  this  direction  are  really  pioneer  work  in  the 
field  of  the  mercury  lamp  and  of  vapor  lamps  generally;  not 
only  because  he  taught  us  how  to  make  the  most  serviceable 
illuminating  lamps,  but  also  because  his  research  in  this  line 
ojpened  up  entirely  new  applications  of  vapor  electrical  appar- 
atus, the  importance  of  which  may  be  enormous  for  the  advance 
of  electrophysics  and  particularly  for  the  advance  of  our  elec- 
trical industr>^  What  Hewitt  h&s  taught  us  in  regard  to  the 
lamp  proper  may  briefly  be  stated  as  follows:  To  obtain  a 
lamp  of  the  desired  characteristic,  the  radiating  power  of  the 
lamp  must  be  correlated  to  the  energy  spent  inside  the  lamp 
in  such  a  way  as  to  obtain  inside,  in  the  gas,  the  most  favorable 
•temperature  or  density  conditions  for  the  efficient  generation 
of  light.  This  controlling  of  the  temperature  and  density 
inside  the  lamp  is  done  by  Hewitt  in  a  properly  rated  condensing 
chamber  outside  the  light-giving  column.  In  the  lamps  shown 
here  you  see  the  bulbs  are  sealed  on.  The  mercury  condenses 
in  those  bulbs  and  keeps  the  density  down  to  the  desired  point. 
It  is  extremely  important — and  Hewitt  has  done  an  enormous 
amount  of  work  on  that — to  get  the  right  ratio  between  the 
size  of  the  condensing  chamber  and  the  size  of  the  tube  and  the 
current  which  one  wants  to  pass  through  the  tube.  I  do  not 
know  whether  you  remember  from  the  paper  which  Hewitt 
published  some  time  ago,  the  strange  characteristic  curve  of  the 
Hewitt  lamp.  The  curve  looks  something  like  this  (indicating). 
If  this  axis  represents  the  voltage,  the  horizontal  axis  repre- 
sents the  amperes.  The  characteristic  voltage  curve,  with  in- 
creasing amperes  is  something  Hke  this  (indicating) ;  then  it  rises 
steeper.  The  point  at  which  we  want  the  lan:p  to  run  is  just 
before  it  bends  up.  This  point  (indicating)  represents  the  most 
efficient  temperature  of  the  mercury  vapor  for  the  generation 
of  light.  If  one  runs  it  on  the  down  part  of  the  curve,  the  lan^p 
is  not  so  efficient  as  on  the  knee.  If  one  runs  it  on  the  rising 
part  of  the  curve  the  lamp  becomes  extremely  inefficient.  If 
one  allows  a  rise  of  voltai^e  up  to,  say,  50  per  cent,  of  t lie  normal 
voltage,  the  efficiency  of  the  lamp,  which  is  about  .3  to  .4  watts 
per  candle,  spherically,  goes  down  to  .<S  or  .9  watts  per  candle. 

Hewitt  has  brought  forward  the  im])ortance  of  discriniinatiri' 
three  capital  points  in  respect  to  the  conductivity  of  tl^e  electric 
currents  in  cases  generally.  The  first  jjoint  is.  positive  clcctrchic 
resistance;  second,  resistance  of  the  fias  current  proper;  third. 
the  negative  electrode  resistance.  The  last  is  the  niost  imi)ortant. 
In  the  ordinary  vacuum  tubes  such  as  Geislcr  tubes  and  rimilar 
apparatus,  we  find  that  they  have  an  extremely  hi.i^^h  resistance. 
This  is  due,  practically,  entirely  to  the  extremely  hij/h  resist- 
ance of  the  negative  electrode.  If  we  want  to  give  thein  a  low 
resistance  we  must  have  absolutely  a  ne^jative  electrode  of  low 
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resistance.  Such  a  low  negative  electrode  resistance  is  obtain- 
able, according  to  Hewitt  s  definition,  by  using  an  electrode 
which  the  current  keeps  in  disintegrating,  boiling  or  similarly 
changing  condition.  Therefore,  if  we  want  to  make  a  lamp 
with  low  resistance  we  have  to  put  in,  as  negative  electrode,  a 
disintegrating  electrode.  We  can  bring  such  an  electrode  to 
disintegration  either  by  connecting  it  with  the  positive  and 
separating  it  after  that,  or  else  by  forcing  a  high  potential 
through  it.  A  high  potential  of  several  thousand  volts  will  break 
through,  make  the  electrode  disintegrating,  and  then  the  low 
line  potential,  which  may  be  attached  to  this  electrode,  will 
follow.  Mercury  itself  is  the  best  material  to  be  used  for  such 
disintegr'tting  electrode,  because  the  mercury  which  disintegrates 
steams  ;.way  from  the  surface,  condenses  again  on  the  walls  of 
the  tube,  runs  back  to  the  negative,  and  the  negative  is  again 
like  a  new  one.  Physically  expressed,  we  see  that  the  mercury 
has  an  extremely  high  starting  but  a  very  low  running  poten- 
tial. The  starting  potential — the  break-through  potential.  I 
may  call  it,  for  the  mercury — is  a  good  many  thousand  volts, 
perhaps  6,000  to  8,000,  in  some  cases  15,000  or  30,000  volts; 
whilst  the  running  potential,  that  is,  the  drop  across  the  elec- 
trode in  a  burning  lamp,  like  one  of  these,  is  only  about  five. 
Once  the  lamp  has  been  made  conductive  by  means  of  the 
break-through  of  the  dielectric  on  the  surface  of  the  negative — 
that  means,  when  one  has  brought  the  negative  to  a  disintegrat- 
ing state — the  lamp  conducts  extremely  well.  As  soon  as  the 
current  is  interrupted,  in  the  fraction  of  a  second,  perhaps  the 
hundred-thousandth  of  a  second,  the  conductivity  of  this  lamp 
will  cease.  If  you  put  the  lamp  out,  and  right  after  doing  so 
put  the  line  potential  on  again,  the  lamp  will  not  start  again. 
I  can  be  as  quick  as  I  like  in  making  the  connection  again,  you 
will  not  see  the  lamp  start.  We  have  first  to  break  through 
the  negative  electrode  resistance  and  make  the  negative  elec- 
trode disintegrating  to  get  the  lamp  to  run. 

On  the  fact  that  such  a  mercury  electrode  has  a  very  high 
discharge  and  a  very  low  running  i)Otential,  and,  furthermore, 
on  the  fact  that  the  lamp  loses  its  conductivity  practically  right 
away  after  the  current  has  stopped  passing  through,  Hewitt 
has  based  the  application  of  the  lamp  as  a  breaker  for  high- 
frequency  work.  You  may  perhaps  remember  from  the  publi- 
cations that  he  has  applied  a  lamp  shaped  something  like  that 
large  bulb  vlth  two  electrodes  for  generating  high  frequency 
for,  say,  wireless  telegraphy  or  similar  applications. 

If  we  start  the  current  in  the  lamp  by  making  the  electrode 
disintegrating,  we  will  naturally  believe  that  the  current  will 
go  through  such  a  disintegrating  electrode  cnly  in  one  way.  The 
disintegrating  electrode  has  to  be  negative.  We  may  say, 
although  that  is  not  usual,  that  a  current  will  go  from  that 
disintegrating  electrode  in  the  tube  up  to  the  posi^'ve.  What 
we  can  do  with  such  a  lamp,  which  allows  the  current  to  go 
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through  only  in  one  way,  Mr.  Thomas  will  describe  later  on 
to  you.  It  is  natural,  if  you  put  an  alternating  current  on  the 
two  electrodes  of  one  of  those  lamps»  that  you  have  to  put  on 
a  very  high  potential  to  get  the  first  phase  through.  Now,  as 
soon  as  that  phase  is  through,  the  lamp  has  to  be  started  in  the 
other  direction.  That  means  putting  a  high  potential  on  again. 
Then  that  phase  is  over  and  the  next  phase  comes  again;  we  will 
have  to  start  again  by  means  of  a  high  potential,  and  so  on. 
That  will  mean  practically  running  the  lamp  at  all  times  on 
a  very  high  starting  potential  to  get  three  amperes  through,  as 
we  have  here.  On  one  of  those  lamps  with  alternating  current 
we  will  have  to  apply  perhaps  5,000  or  6,000  volts,  while  here 
these  lamps  are  running  on  volt-120  direct  current. 

A  few  more  words  about  the  Hewitt  lam.p  itself  and  its  differ- 
ent applications.  I  may  start  by  giving  just  a  brief  description 
of  the  lamp.  The  lamp  consists  of  glass  tubes  to  which  is  sealed 
the  condensing  chamber.  Into  the  glass  tube  we  lead  the  cur- 
rent through  platinum  wires  sealed  into  the  tube.  As  nega- 
tive electrode  we  always  use  mercury;  as  positive  we  use 
either  another  mercury  puddle  or  any  other  metal,  like 
iron,  copper  or  similar  material.  The  temperature  of  the  lamp 
outside  is  not  very  high,  just  about  like  that  of  an  over-running 
incandescent  lamp.  For  starting  we  use  this  kind  of  apparatus 
(indicating).  We  have  our  120-volt  direct  current  coming  in 
here.  One  line  goes  through  two  coils,  with  about  2,000  turns 
on  an  iron  wire  core.  From  that  coil  the  line  goes  through  those 
two  little  regulating  resistances  to  the  lamp.  The  other  pole 
goes  directly  to  the  lamp.  The  lamp  itself  can  be  short-circuited 
by  means  of  a  small  resistance,  and  this  switch  (indicating), 
which  is  a  very  fast  break  under  oil.  If  we  put  the  line  potential 
on  this  starter  nothing  happens.  If  we  press  this  handle  down 
the  current  flows  through  those  coils.  You  can  see  that  when 
I  open  this  switch  (indicating) — now,  the  cuircnt  flows  through 
here  and  magnetizes  those  coils.  As  soon  as  Hot  go,  a  very  U.st 
trigger-break  occurs  in  here  under  oil,  and  in  that  way  the 
high  potential  generated  starts  the  lamp.  With  tliis  arrange- 
ment we  can  get  very  high  potentials,  five  and  ir ore  thousan^ls 
of  volts.  We  can  run  two  lamps  in  series  on  double  voltage, 
or  more  lamps  on  a  fitting  voltage.  If  we  want  to  make  50- volt 
lamps,  we  make  them  about  half  as  long  as  the  100- volt  lamps. 
If  we  want  to  make  lamps  for  small  current  we  take  a  smaller 
diameter.  The  tubes  can  be  bent  in  any  shape,  U-slmpe  or 
otherwise,  as  long  as  it  is  not  too  much  trouble  for  the  glass 
blower — and  those  troubles  begin  very  soon. 

When  we  started  to  work  on  the  Hewitt  lamp  vre  had  great 
hopes  regarding  its  application  for  different  purposes,  and  I 
must  say  that  our  hopes  have  been  fully  realized.  The  lamp 
is  extremely  actinic.  That  is.  it  is  very  rich  in  photographic 
active  rays,  and  the  Hewitt  lamp  has  proved  itself  to  be  an 
extremely  useful  and  reliable  illuminant  for  the  photographic 
trade.     People  have  for  some  time  used  this  lamp  successfully. 
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usingonly  the  low  current  of  three  amperes,  where  they  formerly 
had  to  use  a  high  current,  such  as  25  to  50  amperes,  v/ith  arc 
lamps:  and  they  get  better  results  with  tliis  because  the  light 
is  so  evenly  distributed  all  over  the  tube.  This,  of  course,  refers 
mainly  to  its  use  by  photo-engravers  and  people,  who  do  print- 
ing, such  as  blue  printing  or  portrait  jjrinting.  But 
the  light  is  also  an  excellent  equivalent  for  daylight 
according  to  the  opinion  of  the  best  pliotographic  experts. 
Some  of  the  best  photographers  in  New  York  have  taken  pic- 
tures by  the  light  of  three  or  four  or  five  lamps,  and  they  say 
they  cannot  detect  the  slightest  difference  as  against  pictures 
taken  by  daylight,  and,  of  course,  they  appreciate  the  advantage 
of  having  the  lamp  always  handy,  whereas  the  light  they  get 
from  outside  is  not  always  there  when  they  want  it. 

Another  application  is  in  the  hands  of  physicians,  who  have 
taken  a  great  interest  in  the  lamp  and  are  making  many  experi- 
ments, as  they  expect  great  healing  effects  on  certain  diseases 
from  the  actinic  rays  which  are  sent  out  by  the  lamp.  The 
lamp  practically  lacks  red  rays,  by  reason  of  which  physicians 
find  they  can  discriminate  between  certain  kinds  of  inflamma- 
tions very  much  better  than  by  daylight,  which  is  so  rich  in 
red  rays. 

The  most  gratifying  for  us  is  the  fulfilment  of  our  hopes  re- 
garding the  lamp  as  a  light  source  for  general  illumination 
where  it  is  important  to  get  the  cheapest  possible  light,  where 
the  true  ratio  of  color  values  is  not  of  importance.  We  knew, 
and  find  it  confirmed  daily  by  users,  that  the  total  absence  of 
the  red  rays  gives  a  light  which  does  not  fatigue  the  eye.  We 
also  have  made  actual  experiments  (although  I  must  say  the 
measurements  are  only  qualitatively  reliable),  which  have 
shown  a  distinct  superiority  of  this  light  which  does  not  have 
any  red  rays,  over  any  other  illuminant  as  to  the  fatigue  it  pro- 
duces upon  the  eye.  It  is,  thereice,  a  splendid  illuminant 
for  places  where  fine  mechanical  work,  fine  jeweler's  work,  o* 
reading,  writing,  and  especially  draughting,  is  done.  We  tLin^v, 
therefore,  we  are  justified  in  saying  that  the  Hewitt  light  may 
be  of  the  greatest  benefit  to  mankind. 

President  Scott: — A  very  not  able  occasion  in  the  history  of  ti.e 
Institute  was  two  years  ago  this  last  spring  when  a  conversazione 
was  held  at  Columbia  University  in  New  York.  At  that  time, 
I  believe,  was  given  before  this  Institute  the  first  public  ex- 
lubition  of  the  light  which  we  have  before  us  to-night.  Mr. 
Thomas  will  tiow  give  us  an  exliibition  for  the  first  time  in 
public  and  an  explanation  of  a  single-phase  vapor  lamp.  He 
will  also  give  the  first  public  exhibition  of  an  alternating  current 
vapor  circuit  breaker. 

t  h.ave  the  pleasure  of  introducing  Mr.  P.  H.  Thomas. 

Mr.  Thomas: — Dr.  von  Rccklintrliausen  has  given  you 
a  full  dcscri])tion  of  the  Hewitt  mercury  vapor  lamp  burn- 
-n^'    u])on    direct    current,    and    has    described    the    principles 
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tipon  which  its  operation  depends.  I  think  most  people  are 
in  the  habit  of  looking  at  this  invention  of  Mr.  Hewitt's  as 
a  new  method  of  getting  light.  I  would  like  to  revise  this  view. 
What  Mr.  Hewitt  has  really  done  is  to  study  out  the  phenomena 
involved  in  this  manner  of  getting  electricity  through  a  vacuum. 
It  is  not  a  lamp,  except  incidentally.  It  is  really  a  new  group 
of  phenomena,  a  new  branch  of  physics,  almost.  I  do  not  mean 
to  say  that  he  first  observed  the  phenomena,  but  he  is  the 
first  man  who  has  worked  them  out  in  such  a  way  that  they 
can  have  commercial  applications. 

Looking  at  the  operation  of  the  lamp  as  an  experiment  in 
physics  we  find  a  number  of  very  curious  phenomena  developed. 
Dr.  von  Recklinghausen  has  spoken  of  most  of  them  Looking 
at  it  as  a  means  of  doing  useful  work,  we  see  a  number  of  inter- 
esting applications. 

The  first  application  to  be  developed  commercially  is  the 
direct-current  lamp.  The  second,  which  is  now  being  developed, 
is  the  vapor  converter,  shown  so  far  only  as  a  three-phase  con- 
verter. The  third  is  the  vapor  interrupter,  or  more  properly, 
the  vapor  discharge  gap.  and,  in  addition  there  are  some  new 
applications  to  be  shown  to-night. 

Perhaps  I  had  better  summarize  again  the  peculiar  charac- 
teristics of  this  apparatus  of  Mr.  Hewitt's.  Strictly,  Mr. 
Hewitt's  work  has  been  the  study  of  the  phenomena  and  the 
laws  governing  the  passage  of  electricity  at  low  voltage  through 
a  high  vacuum.  As  has  been  already  explained,  to  accomplish 
this  result  commercially  and  operate  with  low  voltages,  it  is 
necessary  to  use  for  the  negative  electrode  some  electrode 
material  like  mercury,  something  which  is  easily  disintegrating, 
if  you  please,  and  also  reconstructing.  The  most  striking 
phenomena  of  all  is  the  behavior  of  the  negative  electrode  re- 
sistance. Nothing  like  it,  as  far  as  I  know,  is  found  anywhere 
else.  At  first,  if  you  attempt  to  pass  a  current  through  the 
lamp,  you  meet  with  very  great  resistance  or  reluctance  located 
at  the  negative  electrode.  Once  you  start  the  current  by  over- 
coming this  reluctance,  as  can  be  done  in  a  number  of  ways, 
which  will  be  taken  up  later,  it  continues  to  flow  with  a  loss 
of  voltage  perhaps  as  low  as  10  volts,  until  the  current  is  inter- 
rupted or  reversed.  This  abrupt  reduction  of  reluctance  is 
remarkable,  perhaps  from  30,000  volts  to  10  volts  in  extreme 
cases.  Strangely,  the  positive  electrode,  which  by  convention 
is  taken  to  be  supplying  the  current,  has  very  little  electrode 
resistance  or  reluctance.  The  positive  has,  apparently,  no  re- 
luctance to  starting  and  causes  little  loss  of  voltage  when  run- 
ning. The  two  electrodes  taken  together  cause  from  11  to  15 
volts  or  more  loss  when  running,  according  to  conditions.  These 
running  losses  are  very  hard  to  apportion  between  positive  and 
negative  electrodes.  In  addition  to  the  two  electrode  losses, 
we  have  in  the  lamp  the  resistance  of  the  vapor.  This  is  an 
extremely    complex    phenomenon,    and    nobody,    except    Mr. 
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Hewitt,  as  far  as  I  know,  has  had  any  clue  at  all  to  the  laws 
governing  it;  but  he  has  successfully  worked  out  practically  all 
the  conditions,  at  least  as  far  as  the  range  of  conditions  bearing 
on  his  lamp  is  concerned.  This  vapor  resistance  is  a  most  pe- 
culiar thing.  I  will  not  attempt  to  state  the  laws  governing  it ; 
this  would  take  a  whole  paper  in  itself.  I  will  state,  however, 
that  in  the  lamp  the  principal  part  of  the  total  voltage  is  taken 
up  in  the  vapor  column.  This  is  the  light-giving  portion  of 
the  lamp,  and  for  high  efficiency  it  should,  of  course,  consume 
a  large  part  of  the  energy.  In  the  vapor  converter  the  ligl.t 
plays  no  important  part,  and  the  vapor  path  is  purposely  made 
very  short  and  very  wide,  so  that  little  or  no  voltage  is  lost 
there.  Therefore,  a  vapor  converter  may  be  made  to  run  with 
from  10  to  15  volts  total  loss.  A  peculiar  thing  about  these 
negative  electrodes  and  positive  electrode  resistances  is  the 
fact  that,  other  conditions  being  unaltered,  they  are  practically 
independent  of  current.  One  hundred  and  fifty  amperes  will  give 
the  same  voltage  loss  as  three  or  four  amperes.  I  must  qualify 
this  statement  with  one  exception.  If  the  current  drops  below 
three  amperes  or  so  this  voltage  loss  does  not  fall,  as  perhaps 
you  would  expect,  but  rises  very  rapidly,  and  rises  to  a  very 
high  value,  sometimes  to  several  hundred  volts  at  .1  ampere. 

For  the  purpose  of  clearness  and  definitencss  the  general  type 
of  apparatus  under  discussion  is  spoken  of  as  a  **  vapor  con- 
ductor," that  is  a  device  which  carries  current  by  means  of 
mercury  or  other  vapor.  The  lamp  is  spoken  of  as  a  *' vapor 
lamp";  the  converter,  as  a  "vapor  converter,"  and  the  circuit- 
breaker,  of  which  I  am  to  speak  later,  as  the  * 'vapor  circuit- 
breaker."  This  nomenclature  will  distinguish  the  various  appli- 
cations from  one  another  and  from  other  types  of  apparatus 
performing  the  same  function. 

Next,  I  will  describe  brietiy  the  operation  of  the  three-phase 
converter  for  the  benefit  of  those  who  may  not  perhaps  under- 
stand it.  Then  I  will  describe  and  operate  a  single-phase  vapor 
converter,  a  single-phase  alternating  current  vapor  lamp  and 
an  alternating  current  vapor  circuit-breaker. 

The  i)rincii)lc  underlying  the  three-phase  converter,  as  already 
istatcd,  is  this  negative  electrode  resistance.  As  Dr.  von  Reckling- 
hausen has  told  you,  if  you  attempt  to  pass  alternating  current 
through  an  exhausted  globe  with  elcctroclcs  or  any  vapor  con- 
ductor, after  applying  the  necessary  means  to  start  it,  the 
current  will  continue  to  flow  for  one  alternation,  and  then,  as 
it  becomes  zero  preparatory  to  reversing,  this  electrode  resist- 
ance is  formed  again  and  everything  stops.  But  suppose  we 
take  three  transformers,  or  three  sources  of  potential  connected 
in  star  with  a  three-phase  relation,  as  shown  in  figure  1 ;  suppose 
we  connect  the  neutral  point  to  the  negative  electrode  marked 
D  in  this  figure,  and  each  of  the  three  free  ends  of  the  trans- 
formers to  the  other  three  electrodes  which  are  positive.  On 
account  of  the  three-phase  relation,  it  is  evident  that  at  all 
times  one  of  those  three  positive  electrodes.  A,  B,  or  C,  will  be 
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positive  with  regard  to  the  negative  electrode  D.  Suppose 
now,  by  the  application  of  high  potential  or  othei  suitable 
means,  we  start  the  current  flowing  at  any  time,  we  will  say, 
for  instance,  when  the  electrode  A  is  positive.  A  immediately 
starts  to  supply  current  to  the  negative  electrode  D,  which  cur- 
rent passes  around  back ,  through  any  load  we  may  choose  to 
put  on  the  apparatus,  to  the  neutral  point  of  the  transformer. 
As  the  voltage  begins  to  drop  off  this  current  tends  to  drop  off, 
and  if  there  were  no  other  electrodes  would  soon  become  zero; 
but  on  account  of  the  three-phase  relation  the  electrode  B 
reaches  a  positive  voltage  before  the  electrode  A  loses  its  positive 
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voltage.  As  a  result,  current  will  start  to  flow  from  B  before 
it  ceases  to  flow  from  A.  Consequently  the  electrode  D,  the 
negative,  at  no  time  ceases  to  pass  current.  Similarly,  as  the 
electrode  B  begins  to  experience  a  falling  voltage,  the  electrode 
C  has  a  positive  voltage  again  and  takes  up  the  current.  By 
the  time  C  is  losing  its  positive  e.m.f.,  A  has  gone  through  the 
negative  cycle  and  has  again  become  positive  and  will  in  its 
turn  take  up  the  current  a  second  time,  and  so  on  indefinitely; 
and  this  apparatus  works  just  as  simply  as  described.  If,  how- 
ever, at  any  time  you  open  the  circuit  leading  to  either  A,  B  or 
C,  the  converter  will  stop.  This  ex^^eriment  has  been  shown 
a  number  of  times 
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When  operating  as  described,  the  loss  of  voltage  on  the 
useful  current,  that  is  the  loss  of  voltage  between  the  negative 
electrode  D  and  the  particular  positive  electrode  which  is 
supplying  current,  will  be  10  to  14  volts.  The  voltage  between 
D  and  the  other  positive  electrodes  will  be  very  much  higher 
but  negative,  and  as  they  are  supplying  no  current  there  is  no 
loss  of  energy.  To  explain  a  little  further,  consider  figure  2. 
The  full  lines  are  supposed  to  represent  the  three-phase  alter- 
nating e.m.f's.  You  see  they  differ  by  120  degrees.  As  already 
explained,  each  one  of  the  positive  electrodes.  A,  B  and  C, 
carries  the  current  for  one-third  of  the  period.  We  will  say, 
during  the  first  period,  that  the  electrode  A  is  carrying  the 
current.    At  this  time  the  voltage  of  transformer  A  is  impressed 
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"between  the  neutral  point  of  the  transformers  and  the  electrode 
within  the  chamber.  It  is  divided  into  two  parts;  one  part  of, 
say,  14  or  15  volts  in  the  converter,  and  the  rest  upon  the  load. 
That  is  to  say,  if  we  subtract  in  the  figure  the  portion  between 
the  lines  for  the  loss  in  the  converter,  we  have  the  shaded  portion 
representing  the  voltage  which  is  impressed  upon  the  load. 
Similarly  during  the  second  third  of  the  period  we  have  the 
energy  supplied  by  B,  the  second  positive  electrode,  and  sim- 
ilarly a  slight  loss,  and  the  remaining  voltage,  shaded,  represent- 
ing the  voltage  impressed  upon  the  load;  and  for  the  third 
portion  of  the  period,  we  have  C  supplying  the  voltage.  As  a 
result  we  have  the  lower  shaded  portion  of  the  figure  as  the 
voltage  impressed  upon  the  load.    This,  as  you  see,  is  slightly 
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wavy,  slightly  varying.  If  the  load  itself  contained  a  large,  or 
even  a  considerable  amount  of  inductance,  this  waviness  would 
nearly  all  disappear  For  the  sake  of  clearness  I  have  had  drawn 
in  Fig.  3  the  e.m.f.  curve  resulting  in  a  non-inductive  load 
circuit  from  vapor  converters  of  different  numbers  of  phases. 
Of  course,  it  is  evident  that  if  the  three-phase  converter  will 
operate  as  shown,  a  four-phase  converter  will  operate  similarly, 
or  a  five  or  six,  or  any  converter  with  a  larger  number  of  phases. 
Going  down  one,  however,  if  we  attempt  to  run  what  I  have 
marked  as  a  two-phase  converter,  we  get  into  difficulty.  I 
must  explain  the  use  of  the  term  two-phase.  It  is  not  two 
phase  in  the  sense  in  which  the  word  is  usually  employed.  Two- 
phase  usually  means  quarter-phase;  it  means  two  e.m.f. 's  1>0 
degrees  apart.  Strictly  we  ought  to  speak  of  two-phase  as  two 
opposite  phases;  at  least,  we  should  speak  of  it  that  way  in 
connection  with  vapor  converters.  So  we  must  understand 
that  two-phase  means  two  e.m.f.'s  exactly  opposite,  180  degrees 
apart.  If  we  attempt  to  run  a  converter  from  such  a  circuit, 
according  to  its  law,  the  negative  electrode  resistance  will  re- 
establish itself  at  the  common  zero  point  of  the  waves  and 
stop  the  operation  of  the  converter.  This  result  is  confirmed 
by  trial.  But  assuming  that  the  current  will  continue  to  flow, 
we  would  have  an  e.m.f.  on  the  direct  current  circuit  something 
like  what  is  shown  in  this  figure.  Of  course,  there  must  be 
14  volts  subtracted  for  the  loss  in  the  converter.  In  the  figure 
the  **  ratios  *'  are  the  ratio  of  minimum  to  maximum  ordinates 
of  the  direct  current  voltage.  It  is  .5  in  the  three-phase  con- 
verter. In  the  four-phase  converter  .7  and  four  phases  can  be 
obtained  from  any  of  the  common  two-phase  circuits,  so-called, 
by  using  proper  transformers,  by  reversing  phases.  In  a  six- 
phase  converter  .86  and  six  phases  can  readily  be  obtained 
from  any  three-phase  circuit  by  suitable  transformers.  Any 
inductance  in  the  circuit  will  tend  to  smooth  out  these  waves. 
For  any  commercial  purposes  probably  four  or  six-phase  current 
is  as  satisfactory  as  perfectly  steady  direct  current. 

The  principle  of  the  single-phase  converter  depends  upon 
keeping  the  converter  **  alive  **  during  the  two  periods  in  each 
cycle  during  which  a  converter  constructed  after  the  principle 
of  the  three-phase  converter  but  with  two  positives  only  would 
go  out — by  causing  the  current  from  either  positive  to  lag  behind 
its  e.m.f.  until  the  e.m.f.  on  the  other  positive  should  itself  be 
able  to  support  current.  This  is  easily  accomplished  by  passing 
the  whole  or  a  part  of  the  current  through  an  inductance.  Refer 
to  Fig.  3  and  suppose  one  electrode  is  during  its  half  of  the 
cycle  supplying  current  to  an  inductive  load.  The  current  will 
build  up  a  little  behind  the  e.m.f.  on  one  positive  and  when  the 
time  in  the  alternation  comes  for  the  latter  to  fall  off  will  lag 
behind  this  e.m.f.  But  you  notice  that  before  that  current  gets 
to  zero  we  have  a  positive  e.m.f.  on  the  other  positive  terminal. 
The  result  is  that  there  is  no  instant  during  which  current  is 
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not  passing  through  the  negative  electrode,  so  the  negative 
electrode  never  gets  a  chance  to  resume  its  resistance.  As  all 
loads  are  not  inductive,  to  use  this  converter  on  any  kind  of 
load  an  inductive  resistance  may  be  put  in  shunt  with  the  regu- 
lar load.  This  shunt  circuit  will  take  a  certain  amount  of  what 
you  might  call  leakage  current  through  the  negative  electrode, 
keeping  it  alive  at  all  times,  but  when,  however,  much  other  load 
is  thrown  on,  there  will  be  no  difficulty  in  taking  pov/er  from 
the  main  circuit. 

There  are  three  usual  methods  of  starting  lamps  and  con- 
verters First,  as  Dr.  von  Recklinghausen  has  shown  you,  the 
standard  commercial  starting  outfit  for  the  lamp  makes  use 
of  a  high  potential  from  an  induction  coil,  momentarily  applied 
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to  a  ctartmg  band  and  to  the  positive  electrode.  This  high 
potential  is  obtained  by  a  quick-break  switch.  The  method 
can  be  used  to  start  the  vapor  converter,  but  there  is  one  in- 
convenience about  it.  The  converter  runs  on  alternating  cur- 
rent, and  the  quick-break  switch  may  happen  to  break  the 
alternating  current  when  it  is  pretty  nearly  zero,  or  it  may 
break  it  near  the  maximum,  and  it  is  necessary  to  try  a  num- 
ber of  times  before  you  hit  the  wave  at  the  proper  point  for 
causing  a  rise  in  the  potential. 

Secondly,  the  converter  may  be  started  by  means  of  a  high- 
tension  transformer.  If  this  transformer  be  excited  from,  the 
same  supply  as  the  converter,  the  phases  of  e.m.f.  from  trans- 
former and  converter  will  keep  together,  and  the  e.m  f    will 
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always  be  applied  at  a  time  when  the  converter  is  able  to  pick 
up  the  current. 

Thirdly,  another  method  will  be  shown,  the  one  used  by  Arons, 
and  for  many  purposes  the  simplest.  A  current  is  established 
through  the  vacuum  by  forming  a  closed  metallic  circuit  from 
the  positive  to  the  negative,  by  causing  the  mercury  or  some 
other  metallic  conductor  to  connect  the  positive  and  negative. 
If  under  such  conditions  ihis  metallic  circuit  be  opened  so  that  the 
current  has  to  pass  through  the  vapor;  at  the  instant  of  separa- 
tion there  is  caused  somehow  or  other  a  breaking  down  of  that 
negative  electrode  resistance.  That  is,  the  current  is  not  inter- 
rupted by  breaking  the  closed  metallic  circuit  within  the  vacuum. 
This  method  eliminates  the  high  potential. 

The  alternating  current  lamp  is  really  the  same  problem  as 
the  alternating  current  converter;  but  the  alternating  current 
lamp,  of  course,  will  have  no  external  load  to  carry.  All  we 
need  to  do  is  to  use  two  positive  electrodes,  instead  of  one,  and 
allow  the  current  from  both  these  positives  to  pass  through  the 
same  vapor  bath.  The  result  will  be  a  direct  current  passing 
steadily  through  the  light-giving  portion  of  the  lamp,  just  as 
though  it  were  a  direct  current  lamp,  only  we  require  two  positive 
electrodes,  and  we  also  require  the  neutral  point  of  the  supply 
system.  That  neutral  point,  if  it  be  not  available  in  the  supply 
circuit,  may  be  obtained  by  means  of  a  small  auxiliary  trans- 
former. When  this  lamp  is  running  there  is  a  pulsating  direct 
current,  though  there  is  not  actually  very  much  pulsation 
During  a  single  alternation  the  applied  e.m.f.  has  to  do  two 
things  It  has  to  maintain  the  current  within  the  lamp,  and 
it  has  to  supply  a  little  energy  in  the  choke-coil  during  the 
increase  portion  of  the  pulsation  At  the  time  when  the  zero 
point  is  being  passed  the  choke-coil  give?  back  this  energy,  which 
during  the  next  alternation  has  to  be  restored.  Now,  if  the  lamp 
operate  normally,  nearly  at  its  minimum  voltage,  when  it  is  to 
be  started,  the  lamp  during  the  first  alternation  of  the  current 
must  be  built  up  from  zero  to  the  maximum  point  of  the  varia- 
tion— not  from  the  minimum  point  only,  as  is  required  after 
the  lamp  is  once  started.  This  may  require  three  or  four 
times  as  great  an  absorption  of  energy  in  a  given  time.  It  is 
thus  advantageous  to  supply  for  the  time  being  an  extra  poten- 
tial, which  we  might  call  an  auxiliary  or  supplementary  poten- 
tial, to  the  lamp.  This  sliould  be  discontinued  when  the  lamp 
has  started.     This  is  done  in  the  a.c.  lamps  shown. 

The  apphcation  of  the  Hewitt  apparatus  to  the  breaking  of 
alternating  currents  is  quite  simple.  Suppose  an  attempt  is 
made  to  pass  an  alternating  current  through  a  lamp.  The  cur- 
rent goes  out  at  the  end  of  tlie  first  alternation.  But  suppose 
that  by  some  means  the  current  to  be  interrupted  be  made  to« 
pass  through  the  lan^p.  Then  when  the  means  used  to  pass 
the  current  be  removed  the  current  stops  at  the  first  zero  point. 
There  are  two  or  three  ways  of  accomplishing  this  result.  One 
means  consists  in  cstablisliinfr  a  mechanical  circuit  within  the 
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vacuum;  to  carry  the  current,  and  then  when  desired  break  the 
mechanical  circuit,  and  the  current  will  go  out  at  the  end  of  the 
first  subsequent  alternation,  at  which  time  there  is  no  stored 
magnetic  energy  and  no  chance  of  a  rise  of  potential.  A  small 
mercury  switch,  acting  on  the  principle  described,  is  here  shown. 
It  is  used  to  cut  out  the  a.  c.  lamp.  The  switch  is  so  constructed 
that  tipping  in  one  direction  connects  the  mercury  in  the  elec- 
trodes and  tipping  in  the  other  separates  them,  which  operation 
interrupts  an  alternating  current. 

This  type  of  circuit-breaker  has  two  or  three  advantages  aside 
from  its  ability  to  open  circuits.  The  first  is  that  the  contacts 
are  practically  perfect,  if  mercury  be  used.  In  the  second  place » 
the  contacts  will  not  deteriorate,  they  will  not  bum.  They  do 
not  have  to  be  replaced  or  carefully  adjusted.  In  the  third 
place,  on  account  of  the  very  short  distance  which  the  current 
needs  to  be  carried  in  the  breaker,  it  is  easy  to  get  a  large  cross- 
section  of  conductor.  This  makes  a  very  light  apparatus,  which 
can  consequently  be  very  easily  controlled  electrically  or  me- 
chanically or  in  any  other  manner.  This  type  has  two  principal 
disadvantages:  the  vacuum  must  be  maintained,  and  mercury 
is  rather  objectionable;  but  these  disadvantages  are 
insignificant  in  conparison  with  the  advantages  to  be  gained. 

Dr.  von  ReckUnghausen  and  I  have  shovm  to-night  a  num- 
ber of  the  applications  of  this  Hewitt  apparatus,  and  have  tried 
to  give  you  some  idea  of  the  physical  meaning  of  it.  It  is  a  fas- 
cinating field,  and  I  trust  you  will  hear  again  from  Mr.  Hewitt's 
inventions  before  we  are  through  with  them. 

President  Scott: — As  I  have  been  Hstcning  to  Mr.  Thomas 
discussing  the  single-phase  relations  I  have  wanted  to  get  my 
idoMs  mto  some  form  of  analogy,  into  some  way  of  ordinary 
thinking  or  acting.  I  presume  Dr.  Franklin  may  have  in  his 
mind  certain  differential  equations  which  give  him  a  perfectly 
clear  idea  of  just  what  is  going  on.  I  used  to  have  an  apparatus 
that  I  worked  with,  and  worked  with  very  hard,  and  it  throws 
some  light,  to  my  mind,  on  this  single-phase  problem.  It  was 
a  bicycle.  My  first  bicycle  weiglied  57  pounds,  and  on  the 
Pittsburg  hills  it  made  a  very  profound  impression,  that  I  re- 
member to  this  day.  This  bicycle,  of  course,  was  a  piece  of  single- 
phase  apparatus.  One  pedal  went  down  while  the  other  was  coming 
up — down  and  up;  pullee,  pushee;  no,  it  was  all  pushee,  no 
pullee.  (Laughter.)  Now,  in  that  respect,  as  there  was  no 
pullee  to  it,  it  was  lilce  the  resistance  of  the  negative  electrode. 
I  had  to  do  all  the  work  in  one  direction,  only  one  end  of  this 
single-phase  system  worked  at  one  time,  and  the  other  end  at 
the  other  time;  and  as  I  used  to  go  up  hill,  my  57  pounds  going 
up  grades  of  15  per  cent,  or  a  little  less,  I  used  to  go  very  slowly, 
and  I  found  it  very  hard  work  to  get  over  the  dead  point.  Now 
Mr.  Thomas'  current  has  a  very  similar  trouble — it  cannot  get 
over  the  dead  point;  and  I  imagine  this  evening  that  if  I  had 
had  a  little  apparatus  similar  to  what  he  has,  and  could  have 
gotten  a  little  spring  under  my  pedals,  something  that   when 
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I  pushed  my  foot  down  as  far  as  I  could,  would  throw  it  a  little 
farther  until  I  got  my  other  foot  )ust  over  that  dead  point,  I 
could  have  got  my  wheel  over  the  hills  in  the  same  way  in  which 
he  makes  his  lamp  go.  So  that  I  think  my  experience  with  the 
bicycle  has  helped  me  to  clear  up  in  my  mind  the  difficulty  and 
the  ingenious  method  of  overcoming  it  which  are  found  in  the 
single-phase  lamp  and  the  single-phase  converter. 

Q.  (A  Member)  I  should  like  to  ask  whether  the  efficiency 
of  the  converter  is  measured  solely  by  the  ratio  of  14  to  the  volts 
lost  to  the  converter. 

A.  (Mr.  Thomas)  That  is  all  the  loss  there  is,  except  what  may 
occur  in  the  auxiliary  apparatus.  For  instance,  if  you  have  an 
induction  coil  to  keep  it  alive,  that  will  take  a  certain  amount  of 
energy.  There  is  simply  a  flood-gate  opening,  you  might  say,  to 
allow  the  current  to  go  out.  I  ought  to  have  called  attention  to 
one  thing  that  inadvertently  slipped  my  mind,  in  which  respect 
this  converter  has  a  great  advantage  over  ordinary  converters — 
the  matter  of  regulation.  This  14- volt  loss  is  constant,  indepen- 
dent of  current.  That  is,  the  thing  is  practically  perfect  as  far  as 
regulation  goes.  There  is  really  no  lost  energy  there  which 
affects  the  efficiency. 

Dr.  von  Recklinghausen  • — On  a  120-volt  circuit,  I  have  had 
an  over-voltage  of  135  volts.  That  makes  the  temperature  of  the 
lamp  run  up,  and  that  alters  the  radiation  and  the  conductivity. 
The  way  the  lamps  are  made  now  they  will  stand  very  nicely 
about  5  or  10  per  cent,  variation  either  way;  but  if  it  gets  up  to 
15  and  16,  something  like  that,  they  won't  do  it.  The  mercury 
gets  too  hot  and  then  we  work  on  the  up-going  part  of  the  volt- 
ampere  curve.  The  conductivity  of  the  vapor  goes  down,  the 
resistance  goes  up  and  the  lamp  has  to  cool  down  again  before  it 
has  its  normal  conductivity. 

Q.  Does  it  go  out? 

A.  It  goes  out,  yes. 

Q.  It  doesn't  get  brighter  then  with  high  voltage? 

A.  Oh,  yes,  it  gets  brighter  up  to  a  certain  temperature,  but 
getting  brighter  means  also  getting  hotter.  It  stands  a  certain 
amount,  but  not  over  much,  just  on  account  of  that  peculiar  volt- 
ampere  characteristic.  If  the  voltage  goes  down  the  current 
drops  down  some,  and  if  it  drops  down  too  much  the  current  goes 
below  the  maintaining  current.  The  lamps  of  this  type  cannot 
be  run  below,  well,  say,  about  1.2  amperes,  something  like  that. 
The  normal  amount  is  three  amperes.  Apparently  there  is  a 
certain  amount  of  current  necessary  to  keep  the  electrode 
disintegrating.  Once  that  current  drops  too  low  down,  the 
negative  electrode  refuses  to  disintegrate  any  more  and  the 
current  stops  flowing. 

Q.  What  voltage  does  that  correspond  to,  1.2? 

A.  On  a  120-volt,  lamp  like  this  it  may  correspond  to  80  or  90 
volts  line  pressure. 

O,  That  is  considerable  of  a  drop? 

A.  Oh,  yes.  That  is  a  drop  which  will  never  happen  on  a 
commercial .iine,  according  to  what  the  central  station  people  say. 
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Q.  For  a  smaller  ampere  lamp  you  use  a  smaller  tube? 

A.  Yes. 

Q.  What  is  the  smallest  ampere  lamp  you  can  make? 

A.  We  have  made  what  I  may  call  toys  for  about  .4  ampere  or 
.3  ampere.  They  were  for  about  a  100  volt  circuit,  They  were 
about  70  c.p.  They  are  too  small  to  be  made  practically.  We 
made  a  very  nice  lamp  about  half  ^he  size  of  this,  but  below  that 
they  are  not  of  advantage.  There  is  no  advantage  in  going  too 
low  down. 

Q,  I  would  like  to  ask  Dr.  von  Recklinghausen  whether  I 
understood  him  rightly  in  the  early  part  of  the  evening  when  he 
said  that  this  lamp  would  not  opera Le  with  a  trace  of  any  other 
gas  in  it. 

A.  Of  course  the  lamp '^'ill  stand  a  trace ;  that  is  certain.  As 
a  matter  of  fact,  I  suppose  with  the  best  apparatus  at  our  disposal 
we  will  never  be  able  to  get  out  all  of  the  gas,  but  if  we  have 
what  I  would  call  more  than  a  trace — it  is  very  hard  to  determine 
how  much  wiU  spoil  it — the  lamp  is  of  extremely  high  voltage  and 
is  unsatisfactory  in  every  way.  It  runs  very  unsatisfactorily, 
blackens  the  glass  and  does  all  sorts  of  harm. 

Q.  Didn't  you  say  you  tried  to  add  red  to  the  lamps  ? 

A.  Yes,  we  tried  that  too.  I  mentioned  in  connection  with 
one  of  the  very  early  patents,  mercury  lamps  in  which  the 
inventor  proposed  to  use  nitrogen  to  get  a  different  color. 

Q.  That  was  never  a  commercial  success? 

A.  Oh,  no.  The  colors  changed  all  right;  there  is  no  doubt 
about  that. 

Q.  Would  a  red  reflector  give  the  light  a  red  color? 

A.  The  spectrum  has  no  red,  and  therefore  red  glass  or  a  red 
reflector  would  act  like  a  gray  or  black  glass  or  reflector;  that 
means,  no  reflector.  The  only  possible  way  of  getting  red  from  a 
source  which  has  no  red  is  fluorescence.  I  am  sorry  I  did  not 
bring  that  along.  We  have  made  some  experiments  to  get  dye 
stuffs  which  show  fluorescence  under  the  influence  of  certain 
mercury  light  waves;  that  .is,  which  transform  certain  waves 
that  the  ipercury  light  has  into  red  waves.  Rhodamin  is  one  of 
those  dye  stuffs.  If  we  have  a  piece  of  silk  round  the  lamp,  then 
the  lamp  looks  distinctly  red  and  people  look  a  good  deal  more 
human  than  they  do  without  it. 

Q.  It  is  very  essential  that  the  mercury  should  be  very  pure,  is 
it  not  ? 

A.  So  long  as  the  mercury  does  not  contain  gas  it  does  not 
matter.  We  can  use  amalgams,  but  there  are  all  sorts  of  troubles 
commg  in — attack  of  the  glass  and  that  sort  of  thing ;  and  then  it 
is  extermely  difficult  to  get  the  gas  out  of  an  amalgam. 

Q.  This  question  is  asked,  whether  the  life  is  like  that  of  incan  ■ 
descent  lamps,  say,  800  hours. 

A.  Well,  without  promising  in  every  case,  we  can  say  that  the 
lamps  will  surely  live  a  thousand  hours.  Since  we  have  really 
known  how  to  make  them;  that  is,  since  we  know  every  trick  of  the 
■new  trade,  practically  no  lamp  has  given  out  at  all  under  2000 
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hours.  The  candle  power  seems  to  drop  slightly,  due  to  a  slight 
coloring  of  the  glass.  It  will  drop  the  candle  power  10  per  cent. 
or  so.  The  life  seems  to  be  terminated  by  the  vacuum  getting 
bad.  There  must  be  some  place  where  the  air  does  leak  into  the 
lamp.  It  is  highly  improbable  that  it  leaks  in  through  the  glass. 
In  all  probability  it  goes  lengthwise  through  the  platinum  wire 
*:hat  is  sealed  into  the  glass.  The  lamp  is  put  on  to  the  pump 
again,  pumped  out,  and  is  then  like  a  new  lamp.  There  is  no 
consumption  ^^f  the  mercury.  The  mercury  and  the  vapor  is 
entirely  enclosed,  and  the  mercury  electrode  reconstructs  itself  all 
the  time. 

Q.  Is  the  amount  of  light  even  all  over  the  tube  after  it  has 
been  burning  a  few  hundred  hours  ? 

A.  Yes,  it  seems  to  be  absolutely  even  all  over  I  may  say, 
speaking  of  candle  power— -it  is  of  course  an  extremely  hard  thing 
to  determine  the  candle  power  of  a  light  the  color  of  which  is  so 
very  different  from  any  of  our  yellowish  standards — all  our 
standards  have  a  very  yellowish  color.  Our  photometer  measure- ' 
ments  I  should  not  call  more  exact  than  within  10  per  cent.  Of 
course,  we  check  them  up  with  reading  tests  with  standardized 
incandescent  lamps,  but  still  there  is  a  good  deal  of  doubt  about 
them.  The  candle  power  of  one  of  these  is  about  700  c.p.  The 
ballast  resistance  is  those  two  coils  and  those  two  little  regulating 
rheostats.  It  is  necessary  to  have  it  with  this  ^ype  of  lamp.  If 
we  arrange  the  condensing  chamber  and  the  aniperes  of  the  lamp 
differently,  then  we  can  use  less  ballast;  but  we  run  into  diffi- 
culties of  a  different  kind,  as  to  variation  of  pressure  and  so  on. 
We  have  made  lamps  with  about  half  the  present  ballast  resist- 
ances, but  they  were  not  quite  as  satisfactory  in  other  ways.  The 
whole  problem  of  the  condensing  chamber,  the  density  and  those 
things,  is  an  extremely  difiicult  one.  The  lowest  voltage  for 
which  u  lamp  can  be  constructed  would  be  the  voltage  of  the  con- . 
verier;  that  would  be  15  volts.  Thrt  would  be  a  lamp  that  gave 
no  light;  and  any  volts  in  excess  would  give  a  corresponding 
amcant  of  li,![^ht.  If  ycu  make  a  20-volt  lamp,  for  instance,  the 
15  volts  would  be  consumed  in  the  electrodes  and  not  give  any 
li;^ht,  and  the  five  volts  remaining  would  give  light;  of  course 
ohis  would  not  be  etiicient.  The  longer  we  make  the  lamps  the 
more  eHicient  they  get,  because  the  energy  absorbed  in  the  elec- 
trodes becomes  a  smaller  percentage  with  high  voltages  than 
with  low  voltage  lamps.  The  current  at  tlie  beginning  is  some- 
whiLt  higher  than  afterwards.  I  should  say  that  a  lamp  of  this 
type  will  take  perhaps  4 J  or  five  amperes  for  a  few  seconds,  and 
gradually  to  work  down  to  three  amperes  in  five  or  ten  seconds. 
For  each  lamp  or  each  series  of  lamps  we  have  a  separate  starting 
device.  For  instance,  if  we  had  210  volts,  we  would  have  two 
lamps  in  series  on  one  starting  device.  We  have  15  volts  in  the 
electrodes,  and  about  20  volts  in  the  ballast;  that  makes  35  out" 
of  120.  I  should  say  05  per  cent,  gives  light  and  the  rest  does 
electrode  work  or  ballast  work. 
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Q.  I  would  like  to  ask  a  question  about  this  peculiar  character- 
istic curve.  As  I  understand  it,  one  voltage  will  correspond  to 
two  amperages.  If  certain  voltage  is  impressed  on  the  lamp, 
what  determines  whether  the  higher  or  the  lower  current  flows 
through? 

A.  The  lamp  will  go  to  the  low  ampere  90- volt  point  if  we  do 
not  allow  enough  current  to  pass  through  it.  It  will  go  to  the 
high  current  90-volt  point  if  we  allow  enough  current  to  pass 
through  it. 

Q.  But  if  the  moment  that  the  high  tension  is  taken  off  is  the 
moment  you  put  on  the  current,  will  it  simply  go  to  the  high 
current  part  of  the  curve? 

A.  That  depends  entirely  on  the  ballast  resistance  you  have. 
If  your  ballast  resistance  allows  too  many  amperes,  say  the 
necessary  four  amperes  or  so,  to  pass  through,  then  it  will 
naturally  go  to  the  high  ampere  90-volt  point.  If  you  allow 
only  one  ampere  to  go  through,  it  will  go  to  the  low  ampere  90- 
volt  point ;  and  wherever  it  goes  on  that  inner  upper  end  of  the 
curve,  it  is  in  a  very  unstable  state;  the  lamp  is  always  very 
near  going  out. 

There  are  some  other  phenomena  connected  with  the  lamp 
which  we  could  not  speak  about  to-night,  because  they  are  pretty 
hard  lo  demonstrate  with  the  apparatus  we  have  here.  For 
instance,  just  at  the  negative  electrode  there  is  a  long  pinkish 
flame  shooting  off  from  the  surface,  absolutely  independent  of  the 
real  light -giving  gas  column;  that  flame  in  a  properly  constructed 
lamp  may  be  two  or  three  feet  lon^,  and  has  very  peculiar 
properties  under  the  influence  of  a  magnet  and  so  on. 

Q.  Well,  I  am  reminded  in  that  connection  of  that  theory  of 
Drude's  that  the  escape  of  electricity  from  metal  is  due  to  the 
ionization  of  the  metal  and  the  giving  off  of  a  vapor  consisting 
of  ions.  If  that  is  true,  there  must  be  some  sort  of  a  cathode 
ray  effect;  and  you  say  you  have  not  detected  any  sort  of  a 
cathode  ray? 

A.  It  may  be  cathode  ray  effect,  but  in  the  way  one  detects 
cathode  rays  we  have  never  detected  or  found  any. 

Mr.  C.  O.  Mailloux: — I  would  like  toask  Mr.  Thomas  some 
questions  regarding  the  commercial  possibilities  of  the  vapor 
converter.  I  would  like  to  know,  for  instance,  what  is  the 
largest  that  has  been  made  thus  far,  and  wlie'her,  in  case  a  large 
output  were  required,  it  would  be  possible  to  group  these  little 
glass  balls  in  various  ways,  so  as  to  obtain  a  large  resultant  total 
effect.  In  other  words,  may  we  look  forward  to  a  time,  in  the 
near  future,  when  we  can  operate  a  vapor  converter  giving  the 
same  effect  as  the  ordinary  rotary  converter,  of  several  hun- 
dreds, perhaps  several  thousands,  kilowatt  capacity?  I  also 
would  like  some  idea  of  the  possible  cost,  I  should  perhaps  say 
the  great  drop  in  cost,  that  would  result  from  the  introduction  of 
this  wonderful  invention.  I  may  say  we  are  all  prepared  to 
expect  that  the  cost  per  k.w.  will  be  very  low. 
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Mr.  Thjmas' — There  are  very  good  prospects  that  in  the 
end  the  improved  vapor  converter  can  be  used  for  railway  work. 
Of  course,  you  cannot  get  any  converters  for  that  purpose  nov/ 
Mr.  Westinghouse  is  having  the  matter  taken  up  in  a  very  broad 
manner,  wilh  a  view  of  ultimate  speed  rather  than  immediate 
results;  and  'he  different  phenomena  involved,  the  different 
problems,  of  which  you  can  see  there  are  a  great  many,  are  being 
investigated  separately  and  individually  and  no  effort  has  been 
riade  to  assemble  a  single  converter  of  the  maximum  capacity. 
Tlie  total  k.w.  that  can  be  obtained  from  a  vapor  converter  of  this 
type  is  determined  by  the  current  that  can  be  transmitted 
without  undue  heating  and  the  generator  voltage  that  is  used. 
V'hich  voltage  is  determined  by  other  considerations  than  the 
requirements  of  the  converter  itself.  The  converter  within 
limits  is  not  affected  by  the  generator  voltage.  It  is  expected 
that  they  will  be  operated  in  groups  if  necessary,  but  there  is 
good  reason  to  hope  it  will  not  be  necessary  to  group  them. 

Q.  Suppose,  due  to  some  cause  or  other,  the  current  were  in- 
creased to  200  instead  of  100  amperes,  what  would  be  the 
result  ? 

A.  I  can  illustrate.  By  accident  here  I  jast  now  crossed  the 
two  positive  electrodes  when  I  was  starting  the  experiment. 
Nothing  happened  except  the  blowing  of  two  small  fuses.  There 
was  a  dead  short  circuit  through  those  fuses.  You  didn't  know 
that  anything  had  happened.  If  there  were  no  fuses,  the  result 
would  depend  upon  how  the  converter  is  designed.  Nothing 
peculiar  happens,  unless  the  short  circuit  be  very  excessive.  It 
doesn't  affect  the  vapor  injuriously.  The  chief  difficulty  is 
where  the  metal  leads  in  through  the  glass.  If  the  metal  ex- 
pands enough  it  will  crack  the  glass.  Well,  to  take  this  par- 
ticular converter,  as  it  stands,  the  difficulty  limiting  the 
capacity  would  be  the  heating  up  of  the  globe.  If  you  put  it 
under  oil  we  might  heat  the  platinum  at  the  bottom  so  much 
that  it  would  swell  and  break  the  glass  at  the  seal.  If  you 
dissipate  the  heat  the  capacity  of  the  device  goes  on  up.  There 
is  no  one  limiting  factor  that  we  have  found  so  far.  The  heating 
is  proportional  to  the  current,  not  to  the  square  of  the  current. 
This  gives  the  advantage  that  there  is  no  variation  of  voltage 
due  to  chang'=»  of  current — therefore  the  regulation  is  perfect. 

Q.  With  a  fluctuating  load  will  the  device  operate  successfully 
or  will  the  phenomena  of  a  rise  of  resistance  from  overload,  as 
seen  in  the  lamp,  cause  trouble? 

A.  Well,  the  conditions  between  lamp  and  converter  are  very 
different.  The  lamp  is  designed  to  run  taking  all  the  voltage  of 
the  circuit.  The  c'onverter  only  takes  a  small  fraction  of  the 
voltage  of  the  circuit,  and  you  have  all  the  remaining  voltage 
forcing  the  current  through  in  case  of  temporary  excess  of 
demand. 
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HIGH-SPEED   ELECTRIC  RAILWAY  PROBLEMS. 


BY    A.    H.    ARMSTRONG. 


Among  the  many  questions  to  be  considered  in  a  new  railway 
project,  perhaps  the  one  of  primary  importance  is  the  question 
of  the  proper  speed  at  which  to  operate,  as  depending  upon  this 
factor  is  not  only  the  first  cost  of  the  road,  but  its  cost  of  opera- 
tion and  probable  receipts.  It  is  the  purpose  of  this  paper  to 
touch  briefly  upon  some  of  the  fundamental  relations  existing 
between  first  cost  of  a  railway  system,  its  probable  cost  of  opera- 
tion and  schedule  speed,  discussing  also  the  probable  traffic 
receipts  to  be  secured  with  different  methods  of  operation.  In 
considering  so  broad  a  problem  in  a  paper  of  this  length,  it  will  be 
necessary  to  omit  detailed  proof  of  many  of  the  statements  made, 
but  the  method  of  arriving  at  the  conclusions  will  be  outlined. 
Most  of  the  data  presented  are  obtained  from  a  very  elaborate 
series  of  experimental  tests,  so  that  the  results  obtained  may  be 
considered  of  direct  practical  application. 

Owing  to  the  wide  field  covered  by  the  electric  railway  motor, 
it  is  not  possible  to  consider  all  classes  of  railways  and  therefore 
this  discussion  is  limited  to  the  relatively  high-speed  roads.  It 
is  a  mistaken  idea  that  acceleration  problems  are  met  with  only 
in  city  or  elevated  work  where  the  stops  are  frequent.  Although 
the  so-called  high-speed  roads  stop  at  comparatively  infrequent 
intervals,  the  relation  existing  between  stops  and  schedule 
speeds  often  calls  for  the  most  serious  consideration  of  fractional 
speed-running  of  the  motors.  Such  roads  really  act  as  tributaries 
to  large  city  street  railway  systems  and  must  be  able  to  operate 
over  several  miles  of  city  tracks  at  slow  schedule  and  with  fre- 
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quent  stopS,  and  also  be  adapted  for  operation  at  40  or  50  m.p.h., 
with  infrequent  stops  on  a  private  right  of  way. 

While  each  road  presents  its  own  local  characteristics  they  can 
generally  be  divided  into  two  broad  classes,  those  having  fre- 
quent stops  and  those  having  very  few  stops.  Both  classes  of 
service  will  probably  parallel  one  or  more  steam  lines  and  must 
make  a  schedule  speed  that  will  compare  favorably  with  that 
obtainin^^  on  the  competing  steam  road.  This  high  schedule 
speed  must  also  be  made  with  more  frequent  stops  than  given 
by  the  steam  service,  and  in  nearly  all  cases  over  a  track  which 
has  many  sharp  curves,  which  have  the  effect  of  still  further 
increasing  the  number  of  stops.  Interurban  roads  having  very 
infrequent  stops,  say  one  stop  in  five  or  ten  miles,  private  right 
of  way,  and  an  alignment  free  from  curves  of  less  than  three 
degrees,  can  give  a  service  equal  or  superior  to  any  competing 
steam  line,  and  can  furthermore  provide  the  frequent  service 
which  has  proved  one  of  the  valuable  assets  of  electric  roads. 
Moreover,  the  generating  station,  feeder  system,  motor  capacity, 
and  power  consumption  will  be  moderate  in  first  cost.  The 
problem  of  high-speed  electric  serwce  therefore  is  comparatively 
simple,  provided  the  alignment  is  free  from  sharp  curves  and 
the  stops  are  very  infrccjucnt,  and  such  a  service  can  be  operated 
at  a  less  cost  and  will  attract  more  tralTic  tlian  the  competing 
steam  line  with  its  antiquated  method  of  operating  with  steam 
locomotives. 

Suburban  roads,  however,  that  pick  up  their  load  at  frequent 
mtervals  alonc,^  the  route  and  still  have  to  comi)ete  with  parallel 
steam  lines,  present  problems  much  more  difficult  to  solve  from 
an  economic  standj)oint.  It  is  the  custom  of  such  roads  to 
establisli  stopjnnp;  points,  say  one  mile  or  less  apart,  and  stop  at 
these  points  only  on  sij^nal.  During  certain  i)ortions  of  the  day, 
however,  cars  will  be  oMi^^cd  to  stop  at  nearly  all  these  stations, 
an<l  will  either  fall  behind  their  schedule  at  such  times  or  will 
have  too  much  leeway  during  tlie  remainder  of  the  day  when 
stops  are  much  less  frecjuent.  Moreover,  owing  to  the  consider- 
able city  running  at  necessarily  slow  speeds,  these  suburban 
roads  must  make  as  good  time  as  possible  on  the  suburban  route 
in  order  to  bring  the  passengers  from  the  more  distant  points 
within  a  reasonable  time,  including  city  running.  In  fact,  such 
roads  when  paralleling  steam  lines  operating  on  private  right  of 
way  through  the  city,  and  moreover  giving  excellent  service 
morning  and  night  to  commuters,  are  compelled  to  face  very 
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serious  engineering  and  economic  problems  due  to  the  tremendous 
amount  of  generating  apparatus,  line-copper  and  motive  power 
required  to  give  equally  good  service. 

A  suburban  road  will  develop  a  considerable  amount  of  traffic, 
due  to  its  frequent  service,  but  there  comes  a  time  when  such 
roads  will  extend  beyond  the  zone  of  half  hour  runs  into  the  city 
and  try  to  reach  the  outlying  districts  hitherto  belonging  exclus- 
ively to  the  steam  lines.  The  frequent  service  will  always  be  a 
valuable  asset  and  one  that  cannot  be  duplicated  with  the  steam 
locomotive,  except  at  higher  cost  of  operation;  but  if  it  takes 
considerably  longer  to  reach  the  city  by  means  of. the  electric  line 
than  by  the  steam  road  with  its  better  facilities  for  high  speed, 
the  electric  line  will  fail  to  obtain  the  proportion  of  suburban 
business  to  which  it  has  been  accustomed  in  its  more  limited 
scope.  In  other  words,  it  fails  in  its  purpose,  due  to  the  frequent 
t'^ps  to  which  its  previous  popularity  was  due. 

In  considering  the  proper  speed  at  ^(rhich  to  operate  a  new 
electric  line,  it  is  necessary  therefore  to  go  very  carefully  into 
local  details  and  especially  canvass  the  competition  with  existing 
steam  lines  not  only  when  operated  in  their  present  form,  but 
also  consider  the  possibility  of  their  adopting  electricity  as  a 
motive  power. 

In  considering  the  possible  speeds  of  a  car  or  train  of  cars,  the 
investigator  is  met  with  the  necessity  of  obtaining  some  accurate 
■data  on  the  question  of  car  and  train  friction.  The  greater  part 
of  the  data  now  existing  on  this  subject  have  been  obtained  with 
trains  hauled  by  steam  locomotives.  Many  of  these  results  were 
obtained  by  draw-bar  pull  and  hence  neglected  the  wind -friction 
of  the  locomotive,  and  those  taken  by  indicator  diagrams  are 
open  to  the  objection  that  the  steam  locomotive  is  not  square 
ended  like  a  car  and  wind -friction  results  so  obtained  are  not 
applicable  to  the  operation  of  the  train  electrically  without 
locomotive.  Moreover,  all  these  results  were  obtained  with  more 
than  a  single  car  in  the  train  and  do  not  apply  to  suburban  elec- 
trical operation  which  almost  universally  uses  single-car  trains. 
Tests  are  being  made  from  time  to  time  with  electrically  operated 
trains,  and  due  to  the  refinement  of  the  carefully  calibrated  volt- 
meter and  ammeter  it  is  possible  to  obtain  wind-iriction  values  at 
various  speeds  and  with  different  number  of  cars  in  a  train  with 
greater  accuracy  than  in  the  previous  steam  tests.  These  results 
are  not  at  all  complete  and  the  only  attempt  known  to  the  writer 
to  obtain  friction  values  with  different  number  of  cars  was  made 
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by  W.  J.  Davis,  Jr.,  through  the  courtesy  of  the  International 
Railway  Company  on  its  Buffalo  &  Lockport  line  in  March, 
1900  Using  these  tests  as  a  basis,  the  writer  has  drawn  up  three 
iriction  curves  in  Fig.  1,  designating  them  a,  b  and  c. 

The  c  curve  will  hold  approximately  for  sin.j^le-car  operation 
where  the  car  weighs  in  the  vicinity  of  40  tons.     The  b -curve 
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Fig.  1  — Friction  Curves. 


applies  to  the  operation  of  two  such  cars  in  a  train  and  the  a- 
curve  to  a  train  of  such  cars,  say  ei^^ht  or  more  in  a  train.  These 
curves  are  not  published  with  the  idea  that  they  are  correct,  in 
fact  the  speeds  at  which  they  were  obtained  do  not  exceed  60 
m.p.h.,  and  hence  extension  beyond  this  speed  is  based  upon  a 
fonnula  which  will  follow  curve  shape  up  to  60  m.p.h.  As  the 
results  obtained   by  using  them  are  not  dependent  upon  their 
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numerical  values,  intermediate  points  being  easily  interpolated, 
it  is  not  of  prime  importance  that  the  three  friction-curves  given 
represent  accurately  the  conditions  as  set  forth.  In  fact,  with 
the  diilerent  shaped  cars  now  in  use  and  the  different  cross-section 
of  cars  having  the  same  weight,  etc.,  it  is  hardly  possible  to  make 
one  friction-curve  which  would  apply  accurately  to  all  cases.  It 
is  probable,  however,  that  the  curves  given  have  the  general 
shape  and  the  numerical  values  applying  to  average  conditions. 
The  friction  curves  have  been  extended  to  maximum  s^^eeds 
approaching  90  m.p.h.  in  order  that  questions  of  motor  capacity , 
train  energy,  possible  schedule  speeds,  etc.,  can  be  followed  up 
to  maximum  speeds  equal  to  or  better  than  those  in  vogue  on  the 
present  steam  roads.  As  will  be  pointed  out  later  in  this  paper,  the 
consideration  of  the  proper  method  of  operating  a  railway  service 
at  these  high  maximum  speeds  leads  to  very  interesting  results 
as  determining  the  size  of  trains  and  frequency  of  service  to  be 
adopted. 

With  the  friction  curves  in  Fig.  1  as  a  basis,  the  curves  in  Figs. 
2,  3  and  4  have  been  calculated,  showing  the  possible  schedule 
speeds  and  energy  consumption  required  for  these  speeds  up  to 
and  including  75  m.p.h.  maximum.  The  method  used  in  making 
up  tliese  curves  is  similar  to  that  pointed  out  in  a  paper  entitled 
A  Study  of  the  Heating  of  Railway  Motors  presented  by  the 
writer  at  the  annual  meeting  of  the  Institute  in  1902.  As 
indicated  in  that  paper,  the  rate  of  acceleration  and  rate 
of  braking  do  not  have  a  marked  effect  on  the  energy  consump- 
tion or  possible  schedule  speeds  for  these  comparatively  high- 
speed roads.  The  shape  of  the  motor  characteristic  also  is  not  a 
determining  feature  and  can  be  neglected  without  introducing  a 
possible  error  of  more  than  a  few  per  cent.  The  controlling  factor 
in  all  of  these  curves  is  the  friction -curve,  which  includes  track, 
rolling,  journal,  and  wind-friction. 

Tlie  constants  assumed  ,in  calculating  the  above  curves  are 
tliose  pertaining  to  average  high-speed  suburban  work  as 
follows : 

Gross  accelerating  rate 120  lbs.  per  ton 

Braking  effort  (average)   120   *'        "     ** 

Duration  of  stop 15  seconds  each. 

Track  assumed  to  be  perfectly  straight  and  level. 
In  the  above  curves,  due  consideration  is  given  to  all  the  losses 
occurring  during  acceleration  with  the  standard  series-parallel 
controller  and  direct-current  motors.     If  the  curves  are  to  be  used 
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for  alternating-current  motors,  allowance  must  be  made  for  the 
diiTerence  in  accelerating  efficiency  of  the  two  types  of  motors 
and  their  methods  of  control.  The  inertia  of  the  rotating  parts 
of  the  equipment  generally  amotmts  to  5  per  cent,  and  this  value 
is  taken  throughout,  being  perhaps  a  little  high  for  the  higher 
speeds  and  low  for  the  lower  speeds.  The  speed-curve  of  a 
standard  125  h.p.  motor  is  used  throughout.     The  energy  curves 
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Fig.  2. — Speed  and  Energy  Curves.     A.  Friction  Curve. 

given  are  somewhat  affected  by  the  amount  of  coasting  done, 
although  this  is  not  so  determining  a  factor  in  this  high-speed 
work  as  it  is  in  slow-speed  rapid  transit  accelerating  problems. 
In  order  that  the  energy  curves  should  be  conservative,  they  are 
plotted  with  only  10  seconds  of  coasting  permitted  a«d  therefore 
the  schedule  speeds  given  are  nearly  the  maximum  possible,  and 
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the  energy  curves  given  are  also  practically  the  maximum 
possible  with  the  maximum  speeds  assumed.  Should  power  be 
shut  off  earlier  and  more  coasting  permitted,  the  energy  con- 
sumption would  have  been  decreased  and  the  schedule  speeds 
decreased  somewhat  also,  especially  with  the  more  frequent  stops 
per  mile. 
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Fig.  3. — Speed  and  Energy  Curves.     B.  Friction  Curve. 


An  inspection  of  these  three  sets  of  curves  will  bring  out  the 
very  great  effect  of  the  wind-friction  when  using  trains  of  one  or 
two  cars  at  very  high  speeds,  in  fact  at  75  m.p.h.maximimi speed 
the  operation  of  single  car  trains  becomes  impracticable  with 
light  40-ton  cars  of  standard  construction,  and  even  at  60  m.p.h. 
is  questionable.     To  quote  from  the  curves,  it  requires  an  energy 
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consumption  of  47  watt-hourj  per  ton-mile  for  a  train  of  several 
cars,  as  against  137  watt-hours  per  ton-mile  for  a  single  car  oper- 
ating  at  75  m.p.h.  without  stops;  that  is,  a  single  car  operation 
would  demand  3.7  times  the  energy  per  ton  that  would  be 
required  for  the  operation  of  a  train  of  many  similar  cars.  Even 
a  two-car  train  will  require  but  92  watt-hours  per  ton-mile,  or 
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Fig.  4. — Speed  and  Energy  Curves.     C.  Friction  Curve. 

only  67  per  cent,  of  the  energy  required  per  ton  for  single  car 
operation.  As  these  values  are  for  constant-speed  running, 
while  more  or  less  frequent  stops  would  obtain,  a  comparison  at 
say  one  stop  in  4  miles  would  be  nearer  the  actual  results  in 
practice.  Here  a  single  car  requires  157  watt-hours  per  ton- 
mile,  a  two-car  train  requires  120  and  a  train  of  several  cars  79 
watt-hours  per  ton -mile.     The  results  would  indicate  that  in  a 
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class  of  service  calling  for  very  high  maximum  speeds,  the 
tendency  of  electric  roads  will  be  to  follow  steam  railroad 
practice  and  operate  trains  of  several  cars  at  more  infrequent 
intervals  rather  than  follow  present  practice  of  suburban  electric 
roads  and  run  single  cars  at  frequent  intervals.  It  will  be  a 
question  for  local  consideration  whether  sufficient  additional 
traffic  would  be  gained  by  the  operation  of  single  cars,  say  on 
half  hour  headway,  or  trains  of  two  or  three  cars  on  one  hour 
headway  or  more,  the  latter  requiring  but  60  or  70  per  cent,  of 
the  power  per  ton  moved,  and  also  effect  a  considerable  saving  in 
train-crew  expenses.  As  the  maximum  speed  of  the  service  is 
reduced,  the  difference  in  energy  consumption  between  single 
cars  and  trains  of  cars  is  also  reduced  and  at  30  m.p.h.  a  single 
car  will  require  but  slightly  more  energy  per  ton  than  a  train 
when  operated  at  the  frequent  stops  characteristic  of  low-speed 
service. 

Another  very  interesting  feature  which  is  well  known  but 
perhaps  not  fully  appreciated  is  brought  out  by  the  curves  of 
schedule  speeds  possible  for  different  maximum  speeds.  Thus, 
with  one  stop  in  8  miles  it  is  possible  to  make  a  schedule  of  61 
m.p.h.  with  maximum  speed  of  75  m.p.h.,  and  a  schedule  of 

28  m.p.h.  with  maximum  speed  of  30  m.p.h.  If  stops  be  in- 
creased so  that  they  average  one  per  mile,  however,  the  schedule 
speed  possible  with  a  maximum  speed  of  75  m.p.h.  is  dropped  to 

29  m.p.h.,  while  the  30  m.p.h.  maximum  speed  permits  of  a 
schedule  speed  of  22  m.p.h.  Thus  while  30  miles  is  but  40  per 
cent,  of  the  higher  maximum  speed  it  permits  a  schedule  at  one 
stop  per  mile  of  76  per  cent,  of  that  possible  with  75  m.p.h. 
maximum  speed.  The  fallacy  of  using  high-speed  equipments 
for  frequent  stops  is  forcibly  brought  out  by  referring  to  the 
energy  curves  in  Figs.  2,  3  and  4.  With  one  stop  per  mile  it 
requires  200  watt-hours  pc  ton  mile  with  75  mile  maximum 
speed  equipment,  and  the  30  miles  maximum  speed  equipment 
can  obtain  76  per  cent,  of  the  same  schedule  with  an  expenditure 
of  only  28.5  per  cent,  of  the  energy.  The  two  values  taken  for 
the  maximum  speed  are  the  extreme,  but  serve  the  purpose  of 
bringing  out  the  tremendous  price  paid  lor  high  schedule  speeds 
at  frequent  stops.  The  conditions  of  acceleration  and  braking 
are  the  same  in  both  these  equipments,  while  if  higher  schedule 
speeds  wer«  required  with,  say,  one  stop  per  mile,  a  higher  rate  of 
acceleration  and,  if  practical,  a  higher  rate  of  braking  would  be 
adopted.     The-difference  in  energy  values  would  be  considerably 
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reduced  thereby,  but  neither  the  average  rate  of  acceleration  nor 
the  braking  could  be  very  largely  increased  without  inciuring 
the  possibility  of  discomfort  to  passengers. 

Before  considering  the  application  of  the  previous  curves  to  a 
concrete  case,  it  is  necessary  to  include  the  effect  of  the  different 
friction  curves  at  high  speeds  upon  the  capacity  of  the  motor 
equipment.  In  the  paper  by  the  writer  at  the  last  annual  meet- 
ing of  the  Institute,  the  manner  of  fully  determining  the 
capacity  of  a  motor  for  any  service  was  indicated.  The  details 
of  this  method  will  not  be  gone  into  in  the  present  paper,  but  for 
convenience  a  sample  motor  capacity-curve  of  a  125  h.p,  equip- 
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ment  operating  at  a  maximum  speed  of  45  m.p.h.  is  shown  in 
Fig.  5. 

The  means  taken  to  determine  the  capacity  of  this  motor  is  to 
obtain  from  a  series  of  temperature  runs  made  upon  an  experi- 
mental track  the  degrees  rise  per  watt  loss  in  different  parts  of 
the  motor  for  diflFerent  ratio  of  losses  for  armature  and  field.  It 
is  obvious  that  so  long  as  the  motor  losses  and  their  distribution 
are  the  same,  the  temperature  rise  of  the  different  parts  of  the 
motor  will  also  be  practically  the  same.  This  assumes  that  the 
car  will  travel  at  the  same  average  speed,  which  is  not  necessarily 
the  case  owing  to  the  fact  that  the  same  motor*  cycle  could  be 
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obtained  with  a  considerably  different  train  cycle.  A  service 
capacity-curve  similar  to  Fig.  5  on  the  125  h. p.. motor  is  there- 
fore not  absolutely  correct  unless  the  thermal  capacity  curves  be 
obtained  from  actual  tests  giving  the  same  train-cycle  as  that 
indicated.  It  is  not  necessary  to  conduct  so  elaborate  a  series  of 
tests,  as  a  sufficiently  close  result  can  be  obtained  for  practical 
purposes  by  obtaining  the  experimental  thermal  capacity  curves 
at  moderate  average  speeds  upon  an  experimental  track,  and 
assuming  that  the  conditions  of  ventilation  so  obtained  will  hold 
true  for  all  the  schedule  speeds.  It  is  admitted  that  a  source  of 
error  is  thus  introduced  and  that  motor  service  capacity  curves 
will  read  too  conservative  at  the  very  high  speeds  and  will 
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possibly  be  too  liberal  at  the  lower  speeds;  but  conservatism  at 
speeds  approaching  75  m.p.h.  could  not  be  criticised  as  i^oor 
engineering,  and  the  results  given  in  following  curves  are  there- 
fore presented  with  full  confidence  that  they  will  meet  a  long  felt 
want  and  will  moreover  be  approximately  correct  for  types  of 
motors  similar  to  those  serving  as  basis  of  calculation  and  experi- 
ments. 

An  inspection  of  the  curves  given  in  Fig.  5  discloses  the  fact 
that  for  a  given  temperature-rise  the  capacity  in  tons  per  motor 
is  practically  a  fixed  amount.     For  example,  a  temperature  rise 
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of  60®  C.  will  be  obtained  with  approximately  16.2  tons  per  motor 
over  a  range  extending  from  one  stop  in  four  miles  to  five  stops 
.per  mile.  It  is  thus  sufficient  to  associate  a  given  motor  and  gear 
ratio  with  a  definite  car  weight  which  it  can  operate  with  a  given 
temperature-rise,  and  with  any  schedule  speed  which  the  number 
of  stops  per  mile  will  permit.  This  at  once  affords  a  means  of 
comparing  motors  of  different  capacity  by  means  of  the  '*  tons 
per  motor  "  which  is  permitted  for  say  60°  rise  and  a  given 
maximum  speed  equipment.  In  presenting  the  curves  in  Fig.  6, 
the  results  of  a  large  number  of  experiments  and  calculations  are 
incorporated  on  motors  of  similar  design,  giving  the  relation 
between  the  commercial  one-hour  rating  of  the  motor  and  the 
number  of  tons  which  that  motor  will  carry  at  maximum  speeds 
of  30,  45,  60  and  75  m.p.h.  The  curves  of  30  and  45  m.p.h.  are 
probably  accurate,  those  at  60  m.p.h.  may  be  open  to  the  criti- 
cism of  being  conservative,  and  at  75  m.p.h.  with  the  superior 
ventilation  afforded  by  the  schedule  speeds  incident  to  such  high 
maximum  speeds,  the  motor-capacity  curves  perhaps  indicate  too 
low  a  ton  weight  for  60®  rise.  As  no  electric  road  as  yet  affords 
means  of  obtaining  experimental  values  at  this  high  maximum 
speed,  the  degree  of  error  cannot  be  determined  and  in  any  case 
should  not  exceed  more  than  a  possible  maximum  of  15  per  cent. 
Figs.  7  and  8  are  plotted  for  60°  also,  but  using  friction  curves 
B  and  c,  so  that  by  means  of  Figs.  6,  7  and  8  it  is  possible  to  deter- 
mine the  capacity  of  motor  required  for  any  maximum  speed  and 
any  weight  of  train;  while  from  Figs.  2,  3  and  4,  the  possible 
schedule  speed  and  energy  consumption  can  be  obtained  for  any 
maximiun  speed  and  frequency  of  stops.  The  maximum  speeds 
of  30,  45,  60  and  75  m.p.h.  have  been  chosen  as  covering  the 
present  field  of  electric  railrpading,  and  intermediate  values  may 
be  readily  interpolated. 

The  relation  between  the  commercial  one-hour  rating  of  a 
railway  motor  and  its  service  capacity-performance  is  very- 
difficult  to  express.  In  fact,  it  is  almost  impossible  to  compare 
two  motors  differing  essentially  in  their  mechanical  design,  as 
the  stand -test  of  a  motor  has  no  direct  bearing  on  its  service  per- 
formance with  its  different  distribution  of  losses  and  better 
facilities  for  ventilation.  It  is  necessary  therefore  to  obtain  by 
experiment  the  performance  of  each  individual  motor  under 
conditions  approximating  service  operation,  and  determine  the 
relation  of  stand-test  to  service  operation  for  the  particular  motor 
in  question.     By  carrying  on  a  series  of  exhaustive  tests  on  each 
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individual  motor  it  becomes  possible  to  plot  the  results  of  such 
tests  in  curve  form  and  show  the  relation  between  stand-tests  and 
service  capacity,  provided  motors  are  of  the  same  general  design^ 
Having  obtained  the  capacity  in  tons  per  motor  for  different 
maximum-speed  equipments,  the  results  were  all  found  to  follow 
the  general  law  noted  in  Fig.  5;  that  is,  the  temperature  rise  was 
found  to  be  practically  constant  over  a  wide  range  in  stops  per 
mile  and  schedule  speed.  With  this  simplification  it  becomes 
possible  to  compile  curves  6,  7  and  8,  giving  the  capacity  motor 
required  for  any  train  weight,  schedule,  and  frequency  of  stops, 
t\e  motors  all  being  of  similar  design.     These  curves  are  all 
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Fig.  7. — Motor  Capacity  60®  C.  Rise.     B.  Friction  Curve. 

plotted  with  motors  of  the  closed  type,  it  being  assumed  that  in 
miscellaneous  operation  advantage  cannot  be  taken  of  opening 
ventilators.  Where  motors  can  be  operated  partially  or  fully 
open,  the  capacity,  especially  at  high  speeds,  will  be  considerably 
increased.  It  is  probable,  however,  that  motors  operating  at 
speeds  approaching  60  to  70  m.p.h.  will  be  upon  a  surface  track 
where  it  would  be  advisable  to  protect  the  motor  from  dust  and 
moisture,  and  thus  operate  closed. 

The  results  brought  out  by  curves,  6,  7  and  8  are  very  instruct- 
ive as  determining  the  probable  trend  of  very  high-speed  electric 
railroading  where  trains  of  one  or  more  cars  are  used.     For 
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example,  a  40  ton  car  equipped  with  four  motors,  thus  giving  10 
tons  per  motor,  will  require  a  133  h.p.  motor  for  60°  rise  when 
operating  a  train  of  several  cars  at  75  m.p.h.  maximum  speed, 
while  the  same  weight  of  car  would  require  a  motor  of  at  least  230 
h.p.  if  operated  as  a  single  car  with  the  same  temperature  rise 
and  similar  design  of  motor.  That  is,  the  motive  power  is 
doubled  in  going  from  train  to  single  car  service.  Thus  not  only 
is  train-friction  the  determining  feature  of  energy  values,  but  it  is 
the  controlling  feature  as  well  of  the  motor  capacity  required  to 
perform  a  given  high-speed  service. 

As  pointed  out  in  the  earlier  part  of  this  paper  it  is  not  neces- 
sary that  the  friction  curves  a,  b  and  c  shall  in  themselves 
correctly  give  the  numerical  values  for  train,  single-car  and  two- 
car  work.  The  general  shape  of  the  curves  is  undoubtedly  that 
pertaining  to  their  respective  size  of  train,  and  as  the  three  curves 
are  taken  and  subsequent  calculations  are  all  made  upon  a  three 
curve  friction  basis,  it  is  relatively  an  easy  matter  to  interpolate 
and  obtain  the  energy,  schedule  speed  and  motor  capacity  re- 
quired for  any  train-friction  expressed  in  pounds  per  ton.  The 
friction  curves  are  of  use  therefore  only  in  determining  the  funda- 
mental values  of  train  energy  and  motor  capacity  given  in  the 
subsequent  curves,  and  the  energy,  schedule  speed,  and  motor 
capacity  can  be  obtained  from  these  curves  whether  the  friction 
pertaining  to  the  case  in  hand  is,  say,  33  lbs.  per  ton  at  50  m.p.h. 
for  single  car  operation,  or  more  or  less  than  this  value.  The 
application  of  the  motor  and  energy  curve  is  therefore  universal 
and  it  is  only  necessary  to  obtain  sufficient  experimental  data 
of  the  particular  type  of  car  or  train  proposed  to  determine 
accurately  its  friction  for  a  given  maximum  speed  and  obtain 
the  various  values  required  by  interpolation  in  the  curves  given. 

Having  obtained  the  data  upon  which  to  base  calculations  for 
the  proposed  electric  road,  perhaps  the  best  method  of  showing 
its  application  would  be  to  take  a  concrete  case.  Let  the  dis- 
tance from  A  to  B  be,  say,  100  miles,  or  great  enough  to  get  over 
the  consideration  of  location  of  substations  in  relation  to  the 
length  of  the  line.  Assume  also  that  the  proposed  road  will 
parallel  a  steam  line,  or  that  there  are  other  reasons  necessitating 
a  high  schedule  speed,  and  that  stops  will  occur  every  four  miles 
and  will  be  of  15  seconds  duration,  and  that  the  motors  will  be  direct 
current  supplied  from  substations  fed  from  a  single  central  gene- 
rating station.  It  is  desired  to  know  tne  effect  that  single  car  or 
train  operation  will  have  upon  5rst  co«;t  and  cost  of  operation. 
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It  is  assumed  that  the  competing  steam  road  will  have  a 
schedule  speed  in  the  vicinity  of  40  m.p.h.  Such  express  trains 
as  exceed  this  schedule  will  offer  such  very  infrequent  service, 
and  will  furthermore  be  so  restricted  to  their  through  travel  that 
they  will  not  enter  as  a  factor  for  consideration.  By  referring 
to  Fig.  4  we  find  that  a  schedule  speed  of  40  m.p.h.  can  be  obtained 
with  a  maxinium  speed  of  approximately  48  m.p.h.  with  one  stop 
in  four  miles.  The  energy  consumption  will  be  82-watt  hours 
per  ton-mile  and  the  motor  capacity  will  consist  of  four  110  h. p. 
motors  operating  a  single  40-ton  car  with  a  temperature  rise  of 
63®  (Fig.  8).     The  energy  consumed  at  the  car  will  therefore  be 
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Fig.  8.— Motor  Capacity  60®  C.  Rise.     C.  Friction  Curve. 

131  k.w.  or  144  k.w.  at  the  substation  bus-bar,  allowing  an  average 
drop  of  10  per  cent,  in  the  third  rail.  With  a  substation  bus-bar 
potential  at  600  volts,  each  car  will  average  240  amperes. 

Assiuning  that  the  road  will  be  double  track  with  80  lb.  track 
rails  and  100  lb.  third  rail,  the  distance  apart  of  the  substations 
will  be  approximately  13  miles  with  a  maximum  drop  of  170  volts 
when  two  cars  are  passing  midway  between  substations,  one  of 
which  is  accelerating.  This  drop  is  permissible  as  it  is  moment- 
ary only.  Each  substation  must  be  able  to  accelerate  one  car 
and  supply  another  at  full  speed,  or  must  give  850  amperes 
momentary  output  and  a  sustained  output  of  500  amperes.     The 
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substation  will  therefore  be  called  upon  to  deliver  momentarily 
610  k.w.  and  should  contain  not  less  than  one  300  k.w.  rotary  con- 
verter and  preferably  two,  one  being  a  reserve.  This  size  of 
converter  is  based  upon  the  assumption  that  cars  run  always  as 
single  imits  and  not  in  trains,  and  that  converters  can  stand  a 
momentary  overload  of  100  per  cent.  With  half-hour  service 
cars  will  be  spaced  20  miles  apart,  so  that  there  will  be  required  a 
generator  capacity  of  two  cars  every  20  miles  (double  track)  or 
340  k.w.  assuming  15  per  cent,  lo?^  in  rotary  converter  si^bsta- 
tions  and  transmission  line.  The  generating  station  capacity 
per  mile  of  track  will  therefore  be  17  k.w.,  and  the  substation  46 
k.w.  with  reserve,  and  23  k.w.  with  no  reserve.  Taking  the  cost 
of  generating  station  in  round  numbers  at  $100  per  k.w.  and  sub- 
station at  $35,  the  cost  of  a  40-ton  car  complete  with  four  110 
h.p.  motors,  controllers,  etc.,  at  $9,000,  we  arrive  at  the  following 
approximate  cost  for  installing : 

Approximate  First  Cost  per  Mile,  Single  Car  Train 

Generating  station $1,700 

Substations  with  reserve 1,610 

Equipment  (plus  20%  reserve) 1,120 

Total $4,430 

The  above  total  of  $4,430  thus  represents  the  approxi  nate  first 
cost  of  the  various  items  noted  when  operating  a  single  40-ton  car 
every  half  hour  at  40  m.p.h.  schedule  speed  and  stopping  15 
seconds  once  in  four  miles.  Following  through  the  same  process 
with  two  40-ton  cars  operating  on  one  hour  headway  at  40  m.p.h. 
schedule  with  the  same  track  and  third  rail  construction,  we 
xrive  at  the  following  conclusions : 

Watt-hours  per  ton  mile 63 

Train  energy  at  train  (80  tons) 202  k.w. 

Distance  apart  substations 9.1  miles. 

Size  of  substation two  400  k.w.  units. 

Each  train  consisting  of  two  40  ton  cars  will  consume  224  k.w. 
at  the  substation,  or  264  at  the  generating  station,  allowing  the 
same  percentage  of  loss  as  above.  These  trains  making  the  same 
schedule  speed  at  double  the  headway  will  be  spaced  40  miles 
apart  and  the  generating  capacity  will  therefore  be  528  k.w. 
every  40  miles,  or  13.2  k.w.  per  mile.  The  substations  consisting 
of  two  400  k.w.  units  (with  reserve)  every  9.1  miles  will  have 
capacity  per  mile  of  88.0  k.w.  Expense  for  cars  will  be  the  same  as 
before  and  the  following  approximate  costs  obtain 
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Approximate   First  Cost  per  Mile.      Two-Car  Train. 

Generating  station $1320 

Substations 3080 

Equipments 1 120 

Total $5520 

The  first  cost  of  the  two-car  train  system  will  be  $5,520  as 
against  $4,430  with  single-car  train.  The  energy  consumed  for 
the  two  methods  of  operation  is  17  k.w.  per  mile  of  track  with 
single  car  as  against  13.2  k.w.  per  mile  with  two-car  train.  Thus, 
while  the  two-car  train  at  one  hour  headway  will  cost  24 J  per 
cent,  more  to  install  (for  the  items  mentioned  only)  it  will  con- 
sume but  77.G  per  cent,  of  the  energy  required  to  operate  a  single 
car  individually. 

The  difference  in  power  required,  is  3.8  k.w.  per  mile  of  track. 
Assuming  12  hours  per  day  operation  at  the  above  headway,  the 
total  k.w.  hours  per  day  will  be  45.5,  which  at  $.007  per  k.w. 
hour  would  be  $116.50  per  year,  or  10  per  cent,  on  $1,165.  It 
would  therefore  pay  to  invest  the  $1,090  per  mile  of  track  differ- 
ence in  cost  between  one  car  and  two  car  operation,  as  found 
above,  provided  the  same  rec.eipts  could  be  secured  with  one  hour 
headway  as  with  30-minute  headway.  The  relation  of  traffic 
receipts  and  frequency  of  travel  is  a  question  which  can  only  bs 
determined  experimentally,  and  while  the  desirability  of  the  two- 
car  service  seems  evident  from  the  data  at  hand  in  the  above  case, 
it  might  result  in  a  falling  off  of  receipts,  to  such  an  extent  as  to 
more  than  make  up  the  saving  in  operating  expenses.  There  is 
an  additional  saving  in  train-crew  expenses  which  was  not  entered 
into  above,  and  which  would  amount  to  something  more  than  half 
as  much  as  the  cost  of  power.  With  two-car  operation,  it  is 
possible  to  reduce  the  motor  capacity  per  car  from  four  110  h.p. 
motors  to  four  motors  of  approximately  95  h.p.,  thus  reducing  the 
cost  of  the  equipment  item.  Owing  to  the  fact,  however,  that  it 
nMght  be  desired  to  operate  a  single  car  during  certain  parts  of 
the  day,  which  would  result  in  overheating  the  smaller  motor 
Cv^aipment,  it  would  be  more  conservative  to  consider  the  same 
size  of  equipment  whether  one-car  or  two-car  train  were  operated. 
With  more  than  two  cars  in  a  train,  advantage  could  bo  taken  of 
the  smaller  equipment  required,  but  it  is  probable  that  in  two- 
car  work  this  advantage  of  the  smaller  motor  possible  for  two 
cars  would  only  result  in  the  cooler  operation  of  these  motors 
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when  operated  in  two-car  trains  and  would  show  up  therefore  in 
the  repair  account  rather  than  as  a  first  cost.  The  substations 
with  two-car  trains  being  placed  somewhat  closer  together  would 
have  a  labor  account  per  mile  of  track  in  excess  of  that  for  single 
car  operation.  This  may  be  balanced  against  the  saving  which 
would  result  from  smaller  crew  expenses  of  the  two-car  train. 

These  examples  serve  to  illustrate  the  very  broad  applica- 
tion of  the  foregoing  curves.  Although  it  has  been  necessary  to 
assume  a  number  of  constants,  acceleration,  braking,  coastings 
etc.,  these  constants  are  those  pertaining  to  average  operation 
and  can  vary  considerably  without  making  a  serious  difference 
in  the  results.  The  curves  given  are  not  therefore  absolutely 
correct,  but  are  sufficiently  so  for  approximation  purposes.  For 
the  slower  speed  work  where  stops  are  more  frequent  and  where 
acceleration  is  a  more  important  factor,  it  will  be  necessary  to 
have  more  complete  curves  to  determine  the  proper  rate 
of  acceleration  to  use,  especially  if  the  problem  is  one  calling  for 
very  high  schedule  speeds  in  relation  to  the  number  of  stops. 

As  previously  stated,  it  is  not  necessary  that  friction  curves 
A,  B  and  c  should  represent  the  actual  friction  in  pounds  per  ton 
of  train  two-car  and  sinele-car  work.  Having  the  motor  capacity 
and  energy  values  for  three  different  friction  rates  at  a  given 
maximum  speed,  it  is  possible  to  interpolate  and  secure  the 
proper  motor  capacity  and  energy  value  for  the  friction  value 
corresponding  to  the  case  in  hand.  The  importance  of  the  wind- 
friction  as  affecting  electrical  operation  at  a  very  high  speed  in 
service  which  has  followed  along  the  lines  of  very  small 
light  trains  of  one  or  more  cars,  will  probably  lead  to  the  con- 
struction of  special  cars  reducing  wind-friction  to  a  minimum 
when  the  higher  maximum  speeds  arc  put  into  commercial 
operation.  No  conclusive  data  is  at  hand  upon  the  effect  of 
different  shaped  car-ends  on  single  or  two-car  operation.  When 
such  data  becomes  available  and  special  cars  are  constructed- 
their  operation  can  be  predicted  from  the  foregoing  curves  bv 
interpolation  for  the  new  friction  values  thus  obtained. 

The  compilation  of  the  above  curves  entailed  a  large  amoun: 
of  careful  work,  and  the  writer  is  very  much  indebted  to  E.  x  . 
Gould  for  his  verv  valuable  assistance. 
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STORAGE-BATTERY  INDUSTRIAL  LOCOMOTIVES. 

BY    r.    L.  SESSIONS. 

General  treatment  of  subject  of  equipment  of 
industrial  locomotives  with  storage-batteries. 
Batteries  employed  as  (1)  the  only  source  of  en- 
ergy supply;  (2)  as  the  main  source  of  energy 
supply;  (3)  as  an  auxiliary  source  of  energy  sup- 
ply. Arrangements  for  charging.  Relation  of 
energy  storage  and  discharge  capacities  to  loco- 
motive duty.  Data,  tables  and  examples  of 
their  use. 

Among  the  various  agents  employed  in  handling  material 
about  industrial  plants,  the  electric  storage-battery  is  taking  a 
position  of  prominence.  The  limits  of  its  field  of  usefulness  for 
street  and  interurban  railway  service  have  been  pretty  thor- 
oughly determined  by  costly  experiment  and  the  calculations  of 
competent  engineers.  It  is  probable  that  conclusicJns  which 
have  been  reached  in  such  service  have  until  recently  been  con- 
sidered applicable  to  other  services  in  which  the  storage-battery 
might  be  used.  The  demands  of  recent  industrial  activity  have, 
however,  caused  engineers  to  give  much  attention  to  the  handling 
of  material,  and  carefully  to  determine  the  energy  and  power 
requirements  of  the  problems  involved.  This  has  led  to  the 
development  of  a  great  many  devices  and  machines  for  reducing 
the  time  and  expense  of  handling  material.  The  study  of  such 
problems  of  different  magnitudes  has  led  the  writer  to  the  con- 
clusion that  the  energy  and  power  demands  of  many  of  them  are 
well  withm  the  range  of  electric  storage-battery  service,  and  the 
results  already  achieved  with  storage-battery  industrial  loco- 
motives have  ftilly  proved  the  conclusions  reached. 

Among  the  prominent  advantages  of  these  locomotives  are 
convenience,  safety  and  economy.  No  other  form  of  industrial 
locomotive  can  compete  with  the  storage-battery  in  the  matter  of 
convenience.  It  can  be  operated  at  night  when  other  sources  of 
power  are  cut  off;  it  can  be  operated  by  an  inexperienced  person; 
it  is  ready  for  operation  the  instant  it  is  required ;  it  can  be  used 
.as  an  energy  supply  for  running  motors  or  furnishing  light  when- 
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ever  the  usual  power  supply  is  cut  off;  it  can  be  run  over  tempo- 
rary tracks  on  wooden  rails  in  special  or  emergency  cases. 

The  storage-battery  locomotive  also  excels  in  safety.  Very 
few  establishments  are  so  arranged  that  either  the  overhead 
trolley  or  third -rail  conductor  would  not  be  a  source  of  incon- 
venience or  danger  at  some  if  not  all  pai  ts  of  the  system  of  tracks 
necessary  for  the  most  convenient  handling  of  material.  Fre- 
quently where  it  is  permissible  to  employ  either  a  trolley  or  third- 
rail  conductor  over  parts  of  the  system,  it  is  found  prohibitive 
in  other  parts  where  a  locomotive  would  be  of  most  value.  This 
is  particularly  the  case  in  shops  where  overhead  cranes  and 
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Fig.  1. 

belting  are  used,  and  in  buildings  wherein  inflammable  materials 
are  handled  or  stored. 

In  the  matter  of  economy  it  is  probable  tliat  the  storage-bat- 
tery locomotive  equals  any  other.  Its  avera^r^c  cfTiciency  is  as 
high  as  that  of  any  other,  and  although  on  hi^^li  discharge  rates  the 
battery  efficiency  may  be  low,  the  fact  that  wb.en  the  locomotive 
:s  idle  no  energy  is  being  used  compensates  for  the  low  efficiency 
during  high  discharge  periods. 

While  the  storage-battery  requires  care  and  attention  and  may 
be  rendered  unfit  for  service  through  improper  treatment  or 
neglect,  it  is  nevertheless  true  that  any  person  of  ordinary  intelli- 
gence can  readily  learn  to  care  for  and  operate  it  successfully  and 
to  cure  its  ordinary  ills.     Reduced  to  simple  terms  the  require- 
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ments  for  the  successful  maintenance  of  an  electric  storage- 
battery  are  that  the  attendant  perform  a  number  of  mechanical 
operations  each  day  or  at  stated  times,  and  take  readings  from 
certain  instruments  which  are  easier  to  learn  to  read  than  it  is  to 
learn  to  tell  time  by  the  ordinary  clock.  If  these  readings  differ 
from  prescribed  figures,  the  attendant  must  perform  other  simple 
mechanical  operations  which  produce  results  in  the  battery 
about  which  the  attendant  need  have  no  knowledge,  but  which 
restore  the  cells  to  their  normal  condition. 

In  this  paper  all  statements  and  data  which  may  depend  upon 
the  type  of  storage-battery,  refer  only  to  the  usual  lead-lead 
type,  as  that  to  date  is  the  only  successful  electric  storage-battery 
available  for  use  upon  industrial  locomotives. 

In  considering  the  equipment  of  a  storage-battery  locomotive, 
the  subject  will  be  divided  under  the  following  heads :  batteries, 
motors,  control  and  protection. 

Batteries. 

In  the  equipment  of  a  locomotive  with  a  storage-battery,  the 
conditions  of  service  and  work  to  be  performed  determine  the 
capacity  of  the  battery  to  be  used.  In  some  instances  a  heavy 
locomotive  may  best  be  provided  with  a  small  storage -battery, 
while  in  others  it  may  be  best  to  equip  a  light  locomotive  with  the 
largest  storage -battery  possible.  In  general,  a  storage -battery 
upon  a  locomotive  is  employed  to  fill  one  of  the  three  following 
offices : 

1.  It  may  be  employed  as  the  only  source  of  energy  supply. 

2.  It  may  be  employed  as  the  main  source  of  energy  supply. 

3.  It  may  be  employed  as  the  auxiliary  source  of  energy  sup- 
ply. 

Batteries  used  for  any  one  of  these  three  purposes  may  be 
arranged  to  be  charged. 

(a)  While  on  the  locomotive  at  a  charging  station. 

(6)  While  on  the  locomotive  operating  on  trolley  or  third  rail 

(c)   While  removed  from  the  locomotive. 

A  locomotive  may  be  equipped  with  a  storage-batter}''  as  its 
only  source  of  energy  supply,  when  the  duty  is  such  that  it  can  be 
performed  on  a  single  charge,  or  when  there  are  times  in  winch 
the  battery  may  be  charged  on  the  locomotive  at  a  charging 
station,  or  when  two  or  more  sets  of  batteries  are  provided  and  a 
fully -charged  battery  is  placed  on  the  locomotive  whenever  the 
one  in  use  becomes  discharged. 

A  storage-battery  may  be  employed  as  the  main  source  of 
energy  supply,  and  a  trolley  or  third-rail  conductor  used  on  por- 
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tions  of  the  track  where  excessive  grades,  sharp  curves,  heavy 
loads  or  other  conditions  render  the  storage-battery  inadequate. 

As  an  auxiliary  source  of  energy  supply,  a  storage-battery  may 
be  used  on  locomotives  running  partly  within  buildings  or  por- 
tions of  yards  where  safety,  convenience  or  other  reasons  make  a 
trolley  or  third-rail  conductor  undesirable,  but  where  on  other 
parts  of  the  track  the  trolley  or  third -rail  conductors  are  per- 
missible and  desirable. 

It  will  readily  be  seen  that  an  accurate  knowledge  of  the  condi- 
tions of  service  and  of  the  work  to  be  performed  is  necessary 
before  determining  what  batterye-quipment  to  provide.  In 
determining  the  capacity  of  a  storage-battery  for  any  installa- 
tion, the  principal  requirements  are  to  provide  a  sufficient  energy- 
storage  capacity,  and  one  which  can  develop  sufficient  power  for 


Fig.  2. 

the  maximum  demands.  To  move  a  given  load  a  given  dis- 
tance will  require  the  expenditure  of  the  same  amount  of  energy 
whether  the  work  is  done  in  one  minute  or  ten  minutes ;  but  to 
move  the  load  over  the  distance  in  one  minute  will  require  ten 
times  the  power  that  is  required  to  do  the  work  in  ten  minutes. 
For  either  case  a  storage-battery  could  have  the  same  energy- 
storage  capacity,  but  in  one  case  the  battery  should  be  capable  of 
delivering  its  energy  ten  times  as  fast  as  is  necessary  in  the  other 
case.  The  amount  of  energy  which  a  fully-charged  storage-battery 
-can  deliver  depends  upon  the  rate  at  which  the  battery  is  discharged 
If  discharged  at  a  low  rate,  its  storage  capacity  is  less  than  when 
discharged  at  a  high  rate.  If  the  rate  of  discharge  is  too  high, 
the  battery  deteriorates  rapidly.  In  general,  the  one-hour  rate 
is  the  highest  at  which  a  battery  should  be  regularly  discharged, 
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although  for  short  periods  a  higher  rate  may  occasionally  be  used. 
In  selecting  a  storage -battery  for  a  locomotive,  it  is  therefore 
important  that  the  maximum  power  required  does  not  exceed 
the  one  hour  discharge  rate,  except  momentarily  as  in  starting 
loads;  and  that  the  energy -storage  capacity  is  great  enough  to 
enable  the  locomotive  to  perform  the  duty  required  of  it. 

To  facilitate  calculations  in  the  choice  of  a  battery,  a  number  of 
tables  have  been  prepared,  based  upon  units  which  make  their 
use  available  for  a  wide  range  of  problems  and  battery  capacities. 

Table  I.  gives  the  kilowatt-hours  and  draw-bar  pull  required 
to  move  one  ton  one  hundred  feet  under  different  friction  loads 
and  on  various  grades  at  any  speed.  By  multiplying  the  kilowatt- 
hours  of  this  table  by  sixty,  we  obtain  the  actual  power  in 
kilowatts  required  to  move  one  ton  one  hundred  feet  per  minute. 


Fig.  3. 

With  this  table,  we  are,  therefore,  able  to  determine  both  the 
energy-storage  capacity  and  the  kilowatts  discharge  rate  neces- 
sary for  any  given  duty. 

The  solution  of  the  following  problem  will  illustrate  some  of 
the  uses  of  this  table.  A  locomotive  is  required  to  haul  50  tons, 
including  its  own  weight,  up  a  2  per  cent,  grade  against  a  fric- 
tional  resistance  of  30  lbs.  per  ton  a  distance  of  2,000  feet  at  a 
speed  of  400  feet  per  minute.  It  is  required  to  know:  (1)  The 
energy  and  (2)  the  power  necessary. 

The  table  gives  .00264  k.w.  hours  to  haul  one  ton  up  a  2  per 
cent,  grade  when  the  frictional  resistance  is  30  lbs.  per  ton; 
to  haul  50  tons  2,000  feet  will,  therefore,  require  .00264X50X20 
which  equals  2.64  k.w. -hours  of  energy. 

To  obtain  the  power  in  kilowatts  necessary  to  move  one  ton 
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TABLE  I. 

Haulage  Data 

Kilowatt -hours  and  drawbar  pull  required  to  move  one  ton  100  feet  under  different 
friction  loais  and  on  various  grades  at  any  speed. 


Grade. 

Level. 
1%" 


n% 


3% 


8^% 


4% 


4^% 


5k% 


6% 


Frictional  resistance  in  pounds  per  ton  on  level  track. 


50 


40 


.001885 
50 

.001515 
40 

.00226 
60 

.001885 
50 

.00264 
70 

.00226 
60 

00302 
80 

.00264 
70 

.0034 
90 

.00302 
80 

.00377 
100 

.0034 
90 

.00415 

no 

.00377 
100 

.00452 
120 

.00415 
110 

.0049 
130 

.00452 
120 

.00528 
140 

.0049 
130   ' 

.00566 
150 

.00604 
160 

.0052.S 
140 

.00506 
150 

.0064 
170 

.00004 
160 

1 

35 

30 

25 

20 

15 

.001323 
35 

.001135 
30 

000943 
25 

.000758 
20 

.00a'>68 
15 

.001696 
45 

.OOl.'ilS 
40 

.001885 
50 

.001323 
35 

.001696 
45 

.001135 
30 

.000943 
25 

.001.323 
35 

.00207 
65 

.00245 
65 

.001515 
40 

.00226 
60 

.00207 
55 

.00245 
65 

.001885 
5v 

.00226 
60 

.001696 
45 

.00207 
55 

.00282 
75 

.00264 
70 

.00.'?23 
85 

.00302 
80 

.00282 
75 

.00264 
70 

.00245 
65 

.00358 
95 

.0034 
90 

.00323 
85 

.00302 
80 

.0034 
90 

.00282 
76 

.00396 
105 

.00377 
100 

.00368 
95 

.00323 
85 

.00368 
96 

.00434 
115 

.00415 
110 

.00396 
105 

.0OT77 
100 

.00472 
125 

.00452 
120 

.00434 
115 

.00416 
110 

.00396 
105 

.00509 
135 

.0049 
1.30 

.00528 
140 

.00472 
125 

.00452 
120 

.00434 
115 

.00647 
145 

.00509 
135 

.0049 
1.30 

.00528 
140 

.00472 
125 

.00.W5 
155 

.00566 
150 

.0O.'>47 
145 

.00.509 
135 

10 


.000379 
10 


.00758 
20 


.001135 
30 


.001615 
40 


.001885 
SO 


.00226 


.00264 
70 

.00302 
80 


.0a34 
90 


.00377 
100 


.00415 
110 


.00452 
120 


0049 
130 


Multiply  the  constant  by  60  to  obtain  kilowatts  for  one  ton  100  feet  prr  minute. 


Kilowatt  hours  to  move  any  load  any  distance, 
Constant  x  Tons  x  Hundreds  of  feet 

K  w.-hrs.  = 

Locomotive  Efficiency. 


Kilowatts  to  m^ve  any  load  at  any  speed. 

Constant  x  60  x  Tons  x  Hundreds  of  feet  per  minute 
K.w.  = 


LtKomotive  Efficiency 
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ono.  hundred  feet  a  minute  up  a  2  per  cent,  grade  with  a  frictional 
icsistance  of  30  lbs.  per  ton,  the  constant  .00264  must  be  multi- 
pUed  by  60  which  gives  .1584  k.w.,  and  to  haul  50  tons  400  feet 
per  minute  against  the  same  resisting  forces  will  require  .1584 
X50X4  =  31.68  k.w. 

The  above  calculations  assume  a  locomotive  .efficiency  of 
100  per  cent.,  which  is  impossible.  If  this  efficiency  is  70  per 
c  ent.  then  the  energy  required  is  2.64/.7  «  3.78  k.w.-hour»,  and 
the  power  is  31.68/.7  =  45.25  k.w. 

TABLE  II. 
Storagb  Battbribs. 
Total  Kilowatt-hours  available  and  Kilo>vatt8  discharge  rates  for  batteries  of  differaat 
8-hour  ratings. 


Nominal 
or  8-Hr. 
Rating. 

Kilowatt -Hours. 

5 

10 

1.-^ 

20 

30 

40 

60 

80 

100. 

6Hrs. 

4.38 

8.75 

13.12 

17.5 

26.25 

35. 

52.5 

70 

87.6 

4   " 

4.05 

8.1 

12.15 

16.2 

24.3 

32.4 

48.6 

64.8 

81 

3    •• 

3.75 

7.6 

11.25 

15 

22.5 

30 

45 

60 

75 

2    " 

3.25 

6.5 

9.75 

13 

19.5 

26 

39 

52 

65 

1    " 

2.75 

5.5 

8.25 

11 

16.5 

22 

33 

44 

55 

Nominal 

or8.Hr. 

Rate. 

Ki! 

owatts. 

.83 

1.25 

1.88 

2.5 

3.76 

5 

7.5 

10 

125 

SHrs. 

.88 

1.75 

2.63 

3.82 

5.25 

7 

10.5 

14 

17.5 

4    •• 

1.01 

2.03 

3.04 

4.05 

6.08 

8.1 

12.15 

16.2 

20.8 

3    " 

1.25 

2.5 

3.75 

5 

7.5 

10 

15 

20 

26 

2    " 

1.03 

3.25 

4.88 

6.5 

9.75 

13 

18.5 

26 

32  5 

1    " 

2.75 

5.5 

8.25 

11 

16.5 

22 

33 

44 

66 

A  battery  capable  of  discharging  45.25  k.w.  on  a  one-hour  dis- 
charge rate  has  a  storage  capacity  of  82.3  k.w.-hours  on  an  8-hour 
discharge  rate,  as  determined  from  the  data  given  in  Table  II. 
Such  a  battery  would  be  capable  of  operating  under  such  a  load 
continuously  for  one  hour  on  one  charge,  as  its  storage  capacity 
on  a  one-hour  discharge  rate  is  45.25  k.w.-hours. 

Table  II.  gives  the  total  kilowatt-hours  available  and  the 
kilowatts  discharge  rates  of  batteries  of  different  nominal,  8- 
hour  ratings.     The  corresponding  quantities  for  a  battery  of  any 


116       SESSIONS:  STORAGE-BATTERY  LOCOMOTIVES    [June  30 

other  capacity  may  be  obtained  by  multiplying  those  for  a  100- 
k.w.-hour  battery  by  the  relative  capacity  of  the  battery  desired. 

Table  III.  gives  the  total  tons  load  that  can  be  hauled  by  a 
lOO-k.w.-hour  storage-battery  on  various  grades  and  with  differ- 
ent fricticnal  resistances  at  100  feet  per  minute  when  the  loco- 
motive efficiency  is  100  per  cent.  From  this  table  may  be  com- 
puted the  total  ton-loads  that  any  battery  can  haul  at  any  speed. 
For  example,  let  it  be  required  to  determine  what  loada40-k.w.- 
hour  battery  can  haul  on  a  2^  per  cent,  grade  at  a  speed  of  150 
feet  per  minute  when  the  friction al  resistance  is  30  lbs.  per  ton. 
In  Table  III.  under  30  lbs.  frictional  resistance  and  2^  per  cent, 
grade  is  given  304  tons  as  the  total  load  that  can  be  hauled  by  a 
lOO-k.w.-hour  battery  at  100  feet  per  minute.  A  40-k.w.  battery 
can,  therefore,  haul  304X40/100X100/150  =  81.2  tons,  unlet 
the  conditions  assumed  in  the  problem.  If  the  locomotive 
efficiency  is  70  per  cent.,  it  will  be  able  to  haul  81.2 X  .70  =  56.84 
tons,  including  its  own  weight  and  that  of  the  battery. 

Table  IV.  gives  the  kilowatts  for  hauling  100  tons  100  feet 
per  minute  on  various  grades  and  with  different  frictional  resist- 
ances. From  this  table  may  be  computed  the  kilowatts  for 
hauling  any  load  at  any  speed.  For  example,  let  it  be  required 
to  determine  the  capacity  of  a  battery  for  hauling  a  total  of  50 
tons  at  250  feet  per  minute  on  a  1  per  cent,  grade  when  the 
frictional  resistance  is  25  lbs.  per  ton.  In  Table  IV.  under  25 
lbs.  frictional  resistance  and  1  per  cent,  grade  is  given  10.2  k.w. 
for  hauling  100  tons  100  feet  per  minute.  To  haul  50  tons  at 
200  feet  per  minute  will,  therefore,  require  10.2X50/100X 
250/100  =  12.75  k.w.  If  the  locomotive  efficiency  is  70  per 
cent.,  a  storage-battery  for  such  a  duty  should  have  a  discharge 
capacity  of  12.75/.7  =  18.21  k.w. 

Table  II.  may  be  used  to  determine  the  nominal  k.w.-hour 
rating  of  a  battery  having  a  discharge  capacity  of  18.21  k.w.  In 
this  table  a  lOO-k.w.-hour  battery  is  seen  to  be  capable  of  dis- 
charging 55  k.w.  for  one  hour.  The  k.w.-hour  rating  of  a  battery 
capable  of  discharging  18.21  k.w.  for  one  hour  will  be  propor- 
tional to  that  of  the  lOO-k.w.-hour  battery,  or  the  battery 
required  will  have  a  nominal  storage  capacity  of  18.21/55X100 
■=33.1  k.w.-hours. 

The  foregoing  problems  are  given  as  illustrations  of  the  ways 
in  which  these  data  tables  can  be  used  in  connection  with 
storage-battery  locomotive  haulage.  They  will  be  found  useful, 
also,  in  determining  the  motor  capacity  for  locomotives,   and 
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•     TABLK  III. 

Storaob-Battbry  Haulacb 

Total  loads  in  Tons  that  can  be  hauled  by  a  I'X)  Kilowatt- hour  Storage-Battery  100 
feet  per  minuif  when  the  Locomotive  Efficiency  is  100% . 


Graile. 


Level 


k% 


1% 


U% 


2% 


2^% 


8% 


Si% 


4% 


Dis. 

charse 

IU.te 

I  Hr. 

2  " 

3  " 

4  " 

5  " 

8  •• 

1  Hr. 

2  " 

3  " 

4  " 

6  •• 

8  " 

1  Hr. 

2  " 

3  " 

4  " 

6  " 

8  " 

I  Hr. 

2  " 

3  •• 

4  •• 

5  " 

8  " 

1  Hr. 

2  " 

3  " 

4  •• 

5  •• 

8  " 

1  Hr. 

2  " 

3  " 

4  " 

5  " 

8  •• 

1  Hr. 

2  •• 

3  •• 

4  " 

5  " 

8  " 

1  Hr. 

2  " 

3  " 

4  " 

5  " 

8  " 

I  Hr. 

2  " 

3  " 

4  " 

5  " 

s  •• 

Friction  Loads  in  Lbs.  per  Ton. 


fiO 

40 

35 

30 

25 

20 

15 

488 

605 

690 

808 

973 

1210 

1615 

288 

358 

410 

478 

575 

718 

975 

222 

276 

315 

368 

444 

553 

735 

179 

223 

255 

297 

358 

446 

593 

165 

193 

222 

2.'>8 

310 

386 

514 

111 

138 

158 

184 

222 

276 

308 

405 

488 

540 

605 

690 

808 

973 

240 

288 

320 

358 

410 

478 

675 

1S5 

222 

246 

276 

315 

368 

444 

149 

179 

199 

223 

255 

297 

358 

129 

155 

173 

193 

222 

258 

310 

93 

111 

124 

138 

158 

184 

222 

348 

405 

443 

488 

540 

005 

690 

206 

240 

203 

288 

320 

358 

410 

159 

185 

202 

222 

246 

276 

315 

128 

149 

103 

179 

199 

223 

255 

111 

129 

141 

155 

173 

193 

222 

79 

93 

101 

111 

124 

138 

158 

304 

348 

375 

405 

443 

488 

540 

180 

206 

221 

240 

262 

2S8 

320 

138 

159 

171 

185 

202 

222 

246 

112 

128 

138 

149 

163 

179 

199 

97 

111 

119 

129 

141 

155 

173 

69 

79 

85 

93 

101 

111 

124 

270 

204 

325 

348 

375 

405 

443 

100 

180 

192 

206 

221 

240 

202 

123 

38 

MS 

159 

171 

185 

202 

100 

112 

120 

128 

1.38 

149 

103 

80 

97 

lf)4 

111 

119 

129 

141 

62 

69 

74 

79 

85 

93 

101 

213 

270 

284 

304 

325 

348 

375 

143 

ir,o 

1C8 

180 

192 

206 

221 

111 

123 

144 

138 

148 

159 

171 

90 

100 

104 

112 

120 

128 

1.38 

77 

86 

94 

97 

104 

111 

119 

56 

62 

65 

69 
270 

74 

79 

85 

220 

243 

2r,7 

284 

304 

325 

1.^1 

143 

152 

\m 

168 

ISO 

192 

101 

111 

117 

123 

144 

138 

148 

81 

90 

94 

100 

104 

112 

120 

71 

77 

82 

80 

94 

97 

104 

51 

56 

58 

62 

65 

G9 

74 

203 

220 

2-^1 

243 

257 

270 

284 

120 

131 

l:!7 

143 

152 

100 

108 

92 

101 

KV, 

111 

117 

123 

144 

75 

81 

85 

90 

94 

100 

104 

65 

71 

74 

77 

82 

80 

94 

47 

51 

53 

56 

58 

02 

05 

188 

203 

212 

2?0 

231 

243 

'>"7 

111 

120 

125 

l.'U 

137 

143 

i:.2 

85 

92 

96 

101 

100 

111 

117 

f>9 

75 

78 

81 

85 

90 

94 

60 

65 

08 

71 

74 

77 

82 

43 

47 

48 

61 

53 

50 

1    58 

1 

10 


2420 

1430 

1104 

890 

770 

664 


1210 
718 
663 
446 
386 
276 


808 
478 
388 
297 
258 
184 


606 
358 
276 
223 
193 
138 


448 
288 
222 
179 
155 
111 

405 
240 
185 
149 
129 
93 

348 
206 
159 
128 
111 
79 

304 
180 
138 
112 
97 
69 

270 
160 
123 
100 
86 
62 
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generator  capacity  necessary  for  operating  locomotives  upon 
trolleys  or  third-rail  systems.  On  account  of  the  efficiency  of 
locomotives  varying  with  many  conditions,  the  data  tables  have 
been  based  upon  that  efficiency  being  100  per  cent. 

Tables  I.,  III.  and  IV.  show  clearly  the  advantage  of  reducing 
the  frictional  resistance  of  the  train  as  much  as  possible.  In 
most  industrial  plants  the  tracks  can  be  made  practically  level 
and  as  friction  forms  a  greater  part  of  the  load  which  the  locomo- 
tive has  to  haul,  the  battery  capacity  necessary  depends  upon 

TABLE  IV. 

Haulage  Data. 

Kilowatts  required  to  move  100  Tons  100  feet  per  minute  under  difTerent  friction  loads 
mnd  on  various  grades  when  the  Locomotive  Efficiency  is  100%. 


Frictional  resistance  in  pounds  i>er  ton  on  level  track. 

Xjraide. 

50 

40 

35 

30 

25 

20 

15 

10 

Level 

11.3 

9  1 

7.9 

0.8 

5.7 

4.6 

3.4 

2.3 

\% 

13.6 

11.3 

10.2 

9.1 

7.9 

6.8 

5.7 

4.6 

1% 

15.9 

13.6 

12.5 

11.3 

10.2 

9.1 

7.9 

6.8 

U% 

18.1 

15.9 

14.7 

13.6 

12.5 

11.3 

10.2 

9  1 

2% 

20.4 

18.1 

17.0 

15.9 

14.7 

13.6 

12.5 

11  3 

■2i% 

22.6 

20.4 

19.4 

18.1 

17 

15  9 

14.7 

13.6 

^% 

24.9 

22.6 

21.5 

20.4 

19.4 

18.1 

17 

1^.9 

3^% 

27.2 

24.9 

23.8 

22.6 

21.5 

20.4 

19.4 

18.1 

4% 

29.4 

27.2 

26 

24.9 

23.8 

22.6 

21.5 

ao.4 

4i% 

31.8 

29.4 

28.3 

27.2 

26 

24.9 

23.8 

22.6 

5% 

34 

31.8 

30.5 

29.4 

28.3 

27.2 

26 

2«.9 

^5*% 

36.3 

34 

32.0 

31.8 

30.5 

29.4 

28.3 

27.2 

6% 

?S.5 

30.3 

35.2 

I 

34 

32.9 

31.8 

30.5 

29  4 

the  frictional  resistance  ot  the  train.  Every  means  whicn  tends 
to  reduce  this  item  of  energy  consumption  adds  rapidly  to  the 
radius  of  action  of  the  locomotive  and  to  the  efficiency  of  the 
haulage  system. 

Table  V  gives  the  kilowatt -hours  required  to  charge  a  bat- 
tery to  move  one  ton  100  feet,  when  discharging  at  various 
rates  and  hauling  trains  against  various  friction  loads  and 
•grades,  the  energy  efficiency  of  battery  on  eight-hour  discharge 
xate    being  75%   and  the   locomotive  efficiency  being  100%, 
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TABLE  V. 

Kilowatt-hours  required  to  charge  a  battery  to  move  one  ton  100  feet,  when  discharging 
at  various  ratew  and  halting  trains  against  vann^tb  friction  loads  and  fnttdes,  the  energy 
efficiency  of  battery  on  S-hou*-  discharge  rate  being  75%  and  the  locomotive  efficiency  being 
100%. 


Friction  Load  in  Lbs.  T)er  ton. 


Graue 


Level. 


35 


30 


25 


20 


15 


10 


003670 
003110 
002f>95 
002495 
002310' 
002020 


.002755, 
.002325 
.002020 
.001870 
.001730 
.001513 


.  001  <^40  .001200  .000019 
.001556  .001092  .000777 
.001.350  .(X)0947  .000674 
.(X)  1250 '.000877  .000624 
001157  .00<)8G>?.. 000577 
.001011  .000758  .000505 


.005475 
.004630, 
.004020 
.0037201 
.003440 
.003010 


.006400 
.005415 
.004695 
.004350 
.004020 
.003520 


.004570, 
.0038051 
.003350 
.003100, 
.0028751 
.002512 


,004115' 
,003480, 
003020 
002700 
.002585 
,0022<>1 


.002755  .002285  .001840 
.002325  .0019351.001556 
.002020  .0016801.001350 
.001870  .001552  .001250 
.001730  .0014.371.001157 
.001513  .001256  .001011 


.005475 
.004030 
.004020 
.003720 
.003140 
.003010 


.0050201 
.004250 
.0036801 
.003410' 
.003155 
.002760; 


.004570 
.003865, 
.0033501 
.003100 
.002875; 
.0025121 


.003670  003210 
.003110  .002715 
.002695..  002365 
.002495 1.002180 
.002310  .002018 
.002020 1.001 765 


U% 


.007325, 
.006200, 
.00.5370 
.004070 
.004600 
.004025 


,0O64(X)| 
,005415' 
.004695 
,004350, 
,004020 
,00.3520 


.005040 
.005020, 
.004360! 
.004035 
.003730 
.003265, 


.005475] 


.004570  .004115 
.0038651.003480 
.00.3350 '.003020 
.003100  .002790 
.002875  .002585 
.002512. 002261 


.007325 
.006200 
.005370 
.U04070 
.004600 
.004025 


.006400 
.005415 
.004605 
.004350 
.004020 
.003520 


.005040 
.005020 
.0043601 
.004035 
.003730 
.0032651 


.00.5475 
.004630 
.004020 
.0037201 
.003440 
.003010 


0050201 
004250 
003680 
003410, 
003155' 
002760 


004570 
003865 
003350 
003100 
002875 
002512 


2i%    1  Hr 


.0001451 
.007740 
.006710, 
.006*^101 
.005/.301 
.005030 


.007840 
.006635, 
.005750' 
.00.'>330 
.0O402.'> 
.004315, 


.006R35 
.005780 
.00.50101 
.004640 
.004300 
.003760 


,006400 
.005415 
.004605 
,004350 
.004020 
.00,3.520 


00.5040 
005020 
004360 
004035 
0037.'?0 
003265 


005475 
004630 
004020 
003720 
003440 
003010 


8% 


.0100751 
.008520 
.0O73S0 
.0068401 
.006330 
.005540 


.008700 
.007350 
.006375, 
.00.5010 
.0054.55 
.004775, 


.008250, 
.006075 
.006050 
.00.5600 
.005180 
.004540 


.007840 
.006635 
.0057.50 
.00.5.330 
.004025 
.004315 


.007325  . 
.006200,. 
.005370  . 
.004070  . 
.004600  . 
.004025  . 


Zh%    1  Hr.i 

1  2  "  I 


.000610 
.0081.30 
.0070.50 
.006520] 
.006040 
.005280 1 


.000145 
.007740 
.006710 
.006210 
.00.5750 
.005030 


.0OS70O 
.007350 
.006375 
.00.5010 
.00.5455) 
.004775 


.  00S2.50 
.006075 
.0060.50 
.00.5600 
.005180 
.004540 


007810 
006635 
005750 
005330  . 
004025 
004315  . 


4%  1  Hr 

2  '• 


.0100.50 
.000275 
.008040 
.007440 
.006800 
. 006030 


.010540 
.008020 
.0077.'^0 
.007160 
.006620 
.005705 


.010075 
.OO.S520 
. 0073^0 
. 006R40 
.006330 
.005.540 


.000610 

.008130' 
.0070.50 
.006520 
.006040 
. 005280 


.0001451.008700  . 
.007740  .007.3.50 
006710  .006.375  . 
.006210  .00.5010  . 
.005750  .0054.55 
.00.50.30  .004775 
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From  this  table  the  cost  of  haulage  by  storage-battery  loca- 
motives  imdei  the  given  conditions  can  be  approximately 
determined.  As  the  energy  efficiency  and  storage  capacity 
vary  with  different  conditions  of  electrolyte  and  with  the  cycle 
of  voltage  through  which  the  battery  is  charged  and  discharged 
this  table  cannot  be  considered  accurate  for  all  cases.  A  com- 
plete review  of  each  individual  case  is  necessary  for  determining 
the  exact  energy  input  of  a  battery  for  a  given  duty. 

Motors. 
The  motors  for  storage-battery  locomotives  should  be  series 
wound  and  properly  proportioned  and  geared  for  the  duty  of  the 
locomotive.  The  essential  requirements  of  these  motors  have  to 
do  chiefly  with  control  and  will  be  discussed  further  under  that 
subject. 

Control. 

Industrial  locomotives  may  be  divided  into  three  classes;  viz., 
those  used  for  hauling  other  cars;  those  in  which  the  load  is  car- 
ried upon  the  locomotive,  and  those  used  for  both  carrying  and 
hauling.  In  the  case  of  a  locomotive  used  only  for  hauling  other 
cars,  the  maximum  tractive  effort  which  it  can  exert  depends  upon 
the  material  and  condition  of  the  wheels  and  rails,  but  with  either 
of  the  other  two  classes  mentioned  the  maximum  tractive  effort 
depends  upon  the  load  carried  by  the  locomotive. 

The  best  method  of  control  for  an  electric  storage-battery 
locomotive,  like  the  equipment,  depends  also  upon  the  duty  and 
kind  of  service  the  locomotive  has  to  render.  In  some  instances  it 
is  necessary  to  equip  the  locomotive  with  every  appliance  for  charg- 
ing the  batteries  as  well  as  for  controlling  the  speed,  while  in 
others  the  charging  apparatus  may  be  installed  at  a  charging  sta- 
tion and  the  locomotive  equipped  with  means  for  speed  con- 
trol only. 

Speed  control  may  be  effected  by  grouping  the  battery  cells; 
by  use  of  a  variable  resistance,  or  by  a  combination  of  cell 
grouping  and  variable  resistance.  When  two  or  more  motors 
are  used,  variation  in  speed  may  be  had  by  series  and  parallel 
connections  of  the  motors. 

The  character  of  storage-batteries  renders  it  unwise  to  charge 
or  discharge  them  more  rapidly  than  at  a  given  safe  rate,  or 
beyond  a  given  cell  terminal  voltage.  This  makes  it  necessary 
to  provide  circuit-breakers  or  other  protective  devices  to  prevent 
these  limits  being  exceeded.  In  some  instances  the  motors  and 
battery  have  been  designed  so  that  when  the  battery  is  deliver- 
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ing  its  maximum  safe  current,  the  drive- wheels  will  be  almost  on 
the  point  of  slipping;  and  any  greater  current  causes  the  wheels 
to  slip,  thus  relieving  the  motors  and  battery.  Such  an  equip- 
ment, if  at  all  desirable,  can  be  safely  used  upon  locomotives 
employed  for  hauling  only,  and  where  the  battery  and  motors 
are  correctly  proportioned  and  grouped  for  such  results.  Loco- 
motives equipped  with  batteries-  as  an  auxiliary  source  of 
energ}^  supply  can  seldom  carry  sufficient  battery  capacity  for 
slipping  the  drivers,  and  those  locomotives  used  for  carrying 
have  such  a  variable  maximum  tractive  effort  that  protection 
by  wheel-slippage  is  out  of  the  question.  For  a  general  equip- 
ment, then,  it  seems  best  to  employ  an  overload  and  voltage- 
•  limit  circuit-breaker  for  discharging  the  battery  and  an  overload 
and  underload  circuit-breaker  for  charging  it. 

For  uniform  life  all  of  the  battery  cells  should  be  worked  alike. 
To  accomplish  this,  the  number  of  cells  in  series  must  be  con- 
tinually halved  to  make  the  various  groupings.  By  using  a 
maximum  of  four  groups,  three  speeds  may  be  had  without 
altering  the  motor  connections,  and  by  connecting  the  motors 
in  series  and  parallel  a  fourth  speed  is  possible.  With  two 
motors  in  parallel  and  three  battery  groupings  the  relative  speeds 
are:  J,  i  and  1,  corresponding  respectively  to  battery  grouping 
of  four  groups  in  parallel,  two  groups  in  parallel  and  two  in  series, 
and  all  four  groups  in  series.  By  throwing  the  motors  in  series 
and  four  groups  of  cells  in  parallel,  a  relative  speed  of  J  is  ob- 
tained. 

A  very  satisfactory  arrangement  is  one  in  which  the  motors 
are  connected  permanently  in  parallel,  the  battery  is  divided 
into  four  groups  and  a  variable  resistance  is  used  in  grading  each 
of  the  three  speeds  available  by  battery  grouping.  Without  a 
variable  resistance  for  grading  the  starting  effect,  the  gears, 
motors  and  battery  all  receive  severe  strains  when  the  terminal 
voltage  is  suddenly  doubled. 

In  determining  the  best  equipment  to  use,  two  classes  of 
service  are  frequently  presented.  In  one  class  the  locomotive  is 
called  upon  to  exert  a  large  effort  at  a  slow  speed  or  a  small 
effort  at  a  higher  speed.  In  the  other  class,  the  effort  of  the  loco- 
motive is  practically  the  same  at  all  speeds.  In  the  first  class  the 
total  current  capacity  of  the  two  motors  in  parallel  and  the  cells 
in  four  groups  should  be  equal.  With  the  motors  and  batteries 
thus  connected,  the  maximum  effort  would  be  obtained  and  at 
each  successive  grouping  of  the  cells  a  lesser  effort  at  a  pro- 
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portionately  higher  speed  would  be  had.  In  the  second  class  the 
batteries  connected  all  in  series  should  have  a  current  capacity- 
equal  to  that  of  the  two  motors  in  parallel.  With  this  arrange- 
ment the  maximum  effort  would  be  obtained  at  the  maximum 
speed  and  with  otner  groupings  of  the  cells  the  same  effort  at 
lesser  speed  wouid  be  possible.  For  the  same  maximum  effort 
the  motors  and  battery  in  the  first  class  may  be  only  one  fourth 
the  capacity  of  those  in  the  second  class. 

The  illustrations,  Figs.  1,  2  and  3,  are  views  of  different 
storage-battery  locomotives  at  work.  The  locomotive  shown 
in  Fig.  1  is  arranged  so  that  the  battery  may  be  charged 
and  the  locomotive  operated  at  the  same  time  by  current  col- 
lected by  the  trolley.  Over  portioas  of  the  track  a  trolley 
wire  is  not  permissible  and  upon  such  portions  the  battery  is  used 
for  operating  the  locomotive.  Ordinarily,  the  battery  is  charged 
only  while  operating  on  the  trolley  line.  The  batteries  are  con- 
nected permanently  in  series  and  speed-control  is  effected  by 
variable  resistance  as  in  ordinary  street  railway  service.  A 
separate  charging  resistance  and  switch  is  provided. 

Tlie  locomotive  shown  in  Fig.  2  is  equipped  with  a  20-k.w. 
storage-battery  as  its  only  source  of  energy  supply.  It  is  so 
arranged  that  the  same  resistance  and  controller  that  are  em- 
ployed for  speed-control  are  also  used  for  charging  the  battery. 
Charging  plugs  are  placed  at  convenient  points  and  the  locomo- 
tive service  is  so  arranged  that  after  ten  hours'  operation  the 
batter}'  still  has  G5  per  cent,  of  a  full  charge  available.  The 
batteries  are  connected  permanently  in  series.  The  locomotive 
and  battery  together  wcigli  7^  tons. 

The  illustration  in  Fig.  3  is  of  a  12-ton,  double-truck  loco- 
motive equipped  with  a  2r)-k.w.-hour  battery.  Each  truck  has 
both  its  axles  driven  by  a  single  motor  through  flexible  connecting 
links.  The  batteries  are  connected  in  four  groups,  and  speed- 
control  is  eflected  by  battery  grouping  only.  A  separate  charg- 
ing switch  and  resistance  are  employed,  and  charging  is  done  at 
stations  provided  for  the  purpose. 

From  results  obtained  through  both  calculation  and  experience 
it  appears  that  the  electric  storage-battery  when  properly  de- 
signed for  its  duties  can  be  employed  with  greater  advantages 
and  economy  than  any  other  known  form  of  energy  storage 
supply  for  industrial  Icxromotives.  It  is  probable  that  somewhat 
special  elements  will  be  rcfjuired  as  it  seems  impossible  to  secure 
the  necessary  life  and  strength  for  the  plates  without  making 
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them  especially  heavy.  This  is  not  ordinarily  a  disadvantage 
with  industrial  locomotives  as  the  weight  is  necessary  for  traction. 
As  in  all  other  problems  in  which  energy  and  power  have  to  be 
considered,  the  results  obtained  with  storage- batteries  will  be 
exactly  those  for  which  provision  has  been  made. 
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Discussion. 

Mr.  Edgar  H.  Berry: — I  conctir  fully  in  the  opinion  ex- 
pressed by  the  author  as  to  the  special  suitability  of  the  storage- 
battery  for  use  on  industrial  locomotives.  Its  convenience, 
safety  and  ease  of  maintenance  have  been  so  cleariy  explained 
that  comment  on  these  points  seems  unnecessary.  I  wish,  hov/- 
ever,  to  take  exception  to  the  statement  on  page  968,  which  implies 
a  very  material  reduction  in  the  battery  efficiency  when  discharg- 
ing at  a  high  rate.  As  a  matter  of  fact,  a  storage-battery  main- 
tains its  efficiency  very  well  over  a  considerable  range  of  loads. 
I  will  have  occasion  to  refer  to  this  further  in  connection  with 
one  of  the  tables  presented  in  the  paper. 

Durability  and  depreciation  have  not  been  touched  upon  at 
all.  Unfortunately,  or  perhaps  I  should  take  the  point  of  view 
of  the  user  and  say  fortunately,  I  am  not  able  to  say  how  long  it 
takes  to  wear  one  of  these  locomotives  out.  The  oldest  one  I 
know  of  has  been  in  constant  operation  for  over  four  years,  and 
the  original  battery-plates  are  still  doing  their  full  duty.  In 
his  book  on  storage-batteries,  Mr.  E.  J.  Wade  figures  the  depre- 
ciation on  stationary  cells  by  assuming  a  life  of  three  to  six  years 
for  positive  plates,  and  of  five  to  ten  years  for  negative  plates. 
Judging  from  the  case  I  have  in  mind,  a  good  battery  of  the  type 
usually  employed  for  stationary  work  will  not  suffer  any  reduc- 
tion in  its  useful  life  when  used  on  an  industrial  locomotive. 
Even  when  the  plates  reach  a  point  at  which  it  will  be  economical 
to  replace  them,  the  balance  of  the  locomotive  should  still  be 
perfectly  serviceable  for  a  further  indefinite  period. 

An  arrangement  is  mentioned  on  jjage  980  for  charging  from  a 
trolley  or  third  rail  while  the  locomotive  is  in  use.  If  this  has 
proved  successful  it  would  be  very  interesting  if  we  could  hear 
just  how  it  was  done.  Unless  the  feeders  were  large  enough  to 
keep  the  voltage  at  the  locomotive  practically  constant,  it  would 
seem  as  if  the  charging  current  would  fluctuate  between  unde- 
sirably wide  limits.  The  current  docs  not  vary  directly  as  the 
impressed  voltage,  but  approximately  as  the  di {Terence  between 
this  voltage  and  the  voltage  of  the  battery.  I  have  taken  read- 
ings during  a  charge  that  have  shown  a  cliangc  of  over  13  per 
cent,  in  the  current  for  a  change  of  1  per  cent,  in  the  voltage. 
Tiie  battery  in  question  consisted  of  44  cells,  the  normal  charging 
rate  being  20  amperes.  At  a  certain  state  of  the  charge  105.5 
volts  were  needed  to  maintain  the  normal  rate,  but  an  increase 
of  four  volts,  making  a  total  of  109.5  gave  a  current  of  30  am- 
peres. A  jump  of  four  volts  on  a  110- volt  trolley  circuit  would 
be  nothing  unusual,  but  a  charging  current  of  one  and  one-half 
times  the  normal  would  be  highly  undesirable  near  the  end  of 
the  charge,  when  it  would  cause  wasteful  gassing,  and  probably 
injurious  heating. 

To  ensure  the  selection  of  a  suitable  battery  it  would  seem 
necessary  to  add  one  more  condition  to  those  given  at  the  top  of 
page971.   This  additional  requirement  to  be  worded  "and  that 
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the  permissible  charging  rate  be  high  enough  to  permit  of  charg- 
ing in  the  time  available  for  that  purpose."  This  is  highly- 
important,  for  if  the  battery  is  worked  at  the  one-hour  rate, 
which  is  usually  about  four  times  the  normal  charging  rate,  the 
charging  time  must  be  four  times  as  long  as  the  discharging  time, 
or  four  hours.  If  this  is  not  available,  a  larger  battery,  or  two 
sets  of  battery,  must  be  employed.  In  many  cases  the  larger 
battery  would  give  a  cheaper,  simpler  and  more  desirable  solu- 
tion. Of  course  if  the  service  is  very  heavy  an  extra  removable 
battery  may  become  absolutely  essential. 

Passing  now  to  the  tables,  I  find  a  slight  discrepancy  between 
Table  I.  and  the  example  given  to  illustrate  its  use.  If  the 
figures  in  the  table  are  intended  to  apply  to  the  total  load,  in- 
cluding the  locomotive,  the  latter  is  charged  with  the  same 
friction  loss  as  the  cars,  and  then  in  addition  it  is  afterwards 
charged  with  its  own  efficiency  loss.  By  adding  one  more 
column  to  the  table,  giving  the  kilowatt-hours  needed  to  move 
one  ton  100  feet  up  the  various  grades  with  a  friction  of  zero 
pounds  per  ton,  it  would  be  possible  to  determine  separately  the 
work  of  lifting  the  locomotive,  and  of  hauling  the  cars.  The  sum 
of  these  two,  divided  by  the  efficiency  of  the  locomotive  would 
give  the  true  result.  Under  the  efficiency  I  understand  the 
ratio  between  the  energy  effective  at  the  wheels,  and  the  energy 
developed  at  the  battery  terminals. 

Assuming  the  coefficient  of  traction  to  be  one  fifth,  the  error 
in  the  table  as  it  now  stands  runs  from  two  and  one-half  per  cent, 
at  a  friction  loss  of  10  pounds  per  ton,  to  twelve  and  one-half  per 
cent,  at  50  poimds  per  ton.     It  is,  however,  all  on  the  safe  side. 

Of  course  I  do  not  know  what  make  of  battery  was  used  as  a 
basis  for  Table  II.,  but  the  discharge  and  capacity  at  the  higher 
rates  seem  too  large.  For  instance,  the  one-hour  rate  in  amperes 
is  usually  taken  at  four  times  the  eight-hour  rate,  making  the 
output  in  ampere-hours  for  a  one-hour  discharge,  one  half  of  that 
for  an  eight-hour  discharge.  But  the  extra  P  R  loss  at  the 
higher  rate  cuts  down  the  voltage,  and  consequently  the  watt- 
hours.  Their  value  for  a  one-hour  rate  should  therefore  be  less 
than  50  per  cent,  of  the  value  for  an  eight-hour  rate.  The  table 
gives  55  per  cent.,  making  the  kilowatt-hours  for  the  one-hour 
rate  over  10  per  cent,  higher  than  the  figures  I  have  been  in  the 
habit  of  using. 

In  connection  with  Tables  III.  and  IV.,  mention  is  made  on 
page974of  the  importance  of  cutting  down  the  friction  loss  of  the 
cars  as  much  as  possible  To  emphasize  this  I  may  point  out 
that  poor  bearings  in  the  cars  may  easily  halve  the  load  which  a 
locomotive  can  haul  on  a  level  track.  Or,  putting  it  in  anotlicr 
way,  they  may  necessitate  the  use  of  two  locomotives  instead  of 
one. 

Table  V.  has  puzzled  me  somewliat,  but  in  talking  it  over 
with  Mr.  Sessions  this  morning  I  f^nd  that  he  bases  it  on  an 
assumption  which  seems  to  me  to  be  vcrv  unfair  to  the  locomo- 
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tive.  If  we  accept  this  table  we  must  admit  that  at  a  high 
discharge  rate  a  battery  is  completely  discharged  at  the  end  of 
the  number  of  hours  corresponding  to  that  rate.  This  of  course 
is  not  a  fact,  for  when  a  battery  has  reached  the  point  at  which  it 
can  no  longer  maintain  the  high  rate  of  discharge,  it  can  still 
discharge  for  a  further  period  at  a  lower  rate;  the  sum  of  the 
watt -hours  at  the  different  rates,  being  equal  to  the  watt-hours 
used  in  charging,  less  the  unavoidable  loss  due  to  a  transforma- 
tion of  energy.  If  the  discharge  is  stopped  when  the  high  rate 
can  no  longer  be  maintained,  it  is  only  necessary  to  put  l3ack  as 
many  watt-hours  as  were  taken  out,  plus  the  transformation 
loss.  Just  what  this  loss  is  at  different  discharge  rates  I  am  not 
prepared  to  say,  and  I  do  not  know  that  any  definite  data  in 
regard  to  this  point  have  ever  been  published.  Perhaps  our 
committee  on  engineering  data  can  unearth  some  information 
about  it.  But  in  any  event  I  feel  safe  in  saying  that  the  efficiency 
at  a  one-hour  rate  is  nearer  to  70  per  cent,  than  to  41  per  cent., 
which  is  tlie  figure  used  in  the  table. 

Up  to  this  point  all  the  calculations  have  been  made  in  kilo- 
watts and  in  kilowatt-hours,  tlie  exact  current  and  voltage  being 
immaterial  as  long  as  their  product  had  a  suitable  value.  But 
now  in  selecting  a  specific  motor  and  suitable  gears  the  battery 
voltage  becomes  important  and  this  in  turn  should  preferably 
be  such  that  it  will  be  possible  to  charge  directly  from  some 
available  source  of  supply.  Furthermore,  it  is  highly  desirable 
to  use  standard  commercial  sizes  of  batteries  and  motors,  and 
these  must  be  so  chosen  that  the  combination  fits  the  original 
assumptions  as  closely  as  possible.  Exact  agreement  could  of 
course  only  occur  by  chance,  and  I  have  found  it  most  desirable 
to  select  a  gear-ratio  which  will  fit  the  ampere-torque-curve  of  the 
motor,  and  to  allow  the  speed  at  a  given  load  to  differ  slightly 
from  the  original  assumed  value,  according  to  the  degree  of 
accuracy  with  which  the  battery  and  motor  actually  employed 
approximate  to  their  calculated  sizes. 

The  use  of  a  resistance  for  controlling  the  speed  does  not  seem 
justifiable  on  a  storage- battery  locomotive.  Aside  from  the 
actual  waste  of  power  in  the  resistance,  extra  time  is  needed  for 
charging,  and  the  battery  capacity  is  virtually  reduced.  Even 
when  only  a  single  motor  is  employed,  two  groups  of  cells  and  a 
split  series-field  give  four  speeds,  which  seem  to  be  ample  to  meet 
all  requirements.  The  split-field  is  arranged  so  that  the  two 
halves  can  be  thrown  in  series  or  in  parallel  with  each  other. 
With  two  motors  the  possible  combinations  are  further  increased 
as  the  motors  themselves  can  be  connected  in  series  and  parallel 
arrangements. 

If  the  resistance  is  used  for  starting  only,  the  power  wasted  in 
it  may  of  course  be  negligil.)le,  but  with  an  ignorant  or  thoughtless 
operator  the  loss  may  assume  larger  proportions.  The  term 
**  fool-proof  '*  was  unknown  before  electricity  came  into  general 
use,  but  the  public  having  once  discovered  that  apparatus  can  be 
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so  built,  immediately  uses  it  on  the  assumption  that  it  is  so  built^ 
and  the  locomotive  designer  has  no  choice  but  to  fall  in  line. 

Another  safeguard  against  abuse  is  pointed  out  at  the  bottom 
of  page  978.  The  locomotive  can  be  so  proportioned  that  the 
wheels  will  slip  before  either  the  motor  or  the  battery  is  seriously 
overloaded.  This  arrangement  has  proved  highly  satisfactory 
in  actual  use,  and  it  seems  to  be  the  best  and  simplest  method  of 
protection  that  can  be  devised.  It  provides  a  safety-valve  that 
cannot  get  out  of  adjustment,  and  that  cannot  be  tampered  with 
in  any  way  short  of  piling  dead  weight  on  the  locomotive. 

A  question  may  be  raised  as  to  the  desirability  of  a  voltagc- 
limit  circuit-breaker.  This,  I  take  it,  is  to  open  the  circuit  when 
the  battery  voltage  falls  below  the  allowable  limit,  thus  calling 
attention  to  the  necessity  for  an  immediate  recharge.  Suppose, 
now,  that  this  opens  when  the  locomotive  is  some  distance  from 
the  charging  station.  To  get  back,  the  locomotive  must  eitl:er 
be  l;auled,  or  else  the  circuit-breaker  must  be  held  in.  Tl:e 
average  operator  I  think  will  choose  the  latter  method.  But 
running  a  locomotive  while  holding  in  a  circuit-breaker  is  not 
convenient,  and  the  obvious  remedy  is  to  tie  in  the  arm.  Tins 
leads  easily  to  the  next  step  of  having  the  arm  tied  in  continually, 
when  the  locomotive  will  be  in  the  dangerous  situation  of  being 
supposedly  protected  by  a  device  which  actually  is  inoperative. 
On  the  other  hand  it  is  a  simple  matter  to  make  the  operator 
understand  that  he  must  recharge  as  soon  as  the  voltmeter 
needle  falls  to  a  certain  point. 

An  underload  and  overload  circuit-breaker  in  the  charging^ 
circuit  seems  to  be  very  desirable,  but  it  must  not  be  forgotten 
that  the  underload  release  may  fail  to  protect  if  the  voltage  of 
the  charging  line  fluctuates.  A  very  slight  increase  in  the  line 
voltage  may  continuously  maintain  the  current  above  the  point 
at  which  the  underload  release  operates.  If,  however,  the  condi- 
tions are  such  that  the  line  voltage  is  constant,  the  underload 
release  affords  an  excellent  protection. 

In  speaking  of  a  locomotive  called  upon  for  a  large  effort  at  a 
low  speed,  and  for  a  smaller  effort  at  a  higher  speed,  the  paper 
suggests  connecting  the  cells  in  four  parallel  groups  for  the  first 
case,  and  coniiecting  them  all  in  series  for  the  second  case.  I 
would  like  to  inquire  what  safeguard  is  provided  to  prevent  the 
operator  from  throwing  all  the  cells  in  series,  even  when  tb.e 
higher  effort  is  required.  This  would  take  four  times  the  per- 
missible current  from  the  battery,  but  would  not  overload  the 
motor,  and  therefore  would  neither  slip  the  wheels,  nor  open  the 
circuit-breaker. 

The  employment  of  extra  heavy  battery-plates,  which  is  men- 
tioned at  the  close  of  the  paper  as  a  possible  necessity  has  many 
disadvantages,  and  in  the  light  of  past  experience  it  hardly  seems 
called  for.  Ttie  additional  expense  of  special  plates  would  add 
materially  to  tlie  cost  of  the  locomotive,  and  the  advantages  to 
be  derived  are  o[)cn  to  serious  question.     I  would  not  recommend 
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the  use  of  a  light-vehicle  battery  on  a  locomotive,  but  the  type 
ordinarily  used  for  stationary  work  seems  to  possess  ample 
strength.  If  more  weight  is  necessary  to  give  adhesion,  pig  iron 
will  be  just  as  serviceable  as  battery  plates  costing  30  to  40  cents 
per  pound.  Or  if  dead  weight  is  to  be  eliminated  at  all  costs,  a 
larger  battery  might  be  employed,  giving  more  reserve  capacity, 
and  requiring  less  time  for  a  normal  charge. 

While  weight  is  of  course  necessary  to  give  adhesion,  it  is  well 
to  bear  in  mind  that  even  a  heavy  locomotive  may  be  deficient 
in  hauling  power  unless  all,  or  practically  all  the  weight  is  on  the 
drivers.  AH  other  weight  in  the  locomotive  means  a  correspond- 
ing reduction  in  the  load  that  can  be  hauled.  Assume  for  exam- 
ple a  ten  ton  locomotive,  in  which  all  the  wheels  are  drivers,  aind 
which  can  just  haul  a  load  of  ten  tons  up  a  certain  hill  without 
slipping  the  wheels.  If  only  half  the  weight  of  this  locomotive 
were  on  the  drivers,  it  could  just  climb  the  hill  alone,  without 
load. 

In  conclusion,  I  wish  to  express  my  appreciation  of  the  paper 
before  us.  Industrial  locomotives  are  new,  comparatively 
speaking,  and  I  believe  that  the  present  paper  is  the  first  one  on 
this  subject  to  be  presented  before  this  Institute.  If  such  a 
pioneer  paper  possesses  any  interest  at  all  it  is  bound  to  start  a 
discussion  in  which  differences  of  opinion  will  be  in  evidence.  I 
have  endeavored  to  show  my  interest  in  the  paper  by  finding  as 
much  fault  as  possible,  and  I  trust  that  some  of  the  other  members 
will  show  their  interest  in  the  discussion  in  the  same  way. 

Mr.  Sessions: — In  reply  to  the  question  of  protection  by 
circuit-breaker  when  the  batteries  are  connected  in  either  senes 
or  parallel,  I  would  say  that  the  circuit-breaker,  if  especially 
adapted  for  the  work,  will  open  so  as  to  protect  the  batteries 
when  the  locomotive  develops  a  smaller  effort  at  higher  speed. 
The  circuit-breaker  for  this  purpose  may  appear  complicated  at 
first  glance,  but  it  differs  from  the  ordinary  overload  circuit- 
breaker  only  in  necessitating  several  wires  running  to  it  instead 
of  the  ordinary  two.  The  tripping-magnet  is  wound  in  as  many 
sections  as  there  are  groups  of  cells  and  each  group  of  cells  is 
connected  in  series  with  one  of  these  sections.  The  sections  of  the 
tripping-magnet  coil,  therefore,  are  in  series  or  parallel  in  the 
same  way  that  the  cells  are.  and  for  the  same  current  drawn  from 
one  group  of  cells  the  ampere-turns  upon  the  tripping-magnet  are 
always  the  same. 

I  should  like  to  take  up  further  some  of  the  points  touched  on 
by  Mr.  Berry.  I  admit  that  the  example  illustrating  Table  I. 
is  not  accurately  solved  and  that  it  errs  exactly  as  Mr.  Berry 
states,  but  an  error  of  2^  per  cent,  is  hardly  worth  calculating  for 
the  general  run  of  storage-battery  problems,  and  a  slight  allow- 
ance in  the  locomotive  efficiency  will  compensate  the  inaccuracy. 
As  yet  the  refinements  of  the  art  are  not  such  as  to  demand  calcu- 
lations within  that  limit.  Table  I.,  itself,  is  absolutely  correct 
and  will  be  foimd  very  convenient. 
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With  regard  to  the  charging  rate  for  storage-batteries,  and 
also  with  regard  to  Table  II..  in  which  the  one-hour  discharge 
capacity  iu  given  as  55  per  cent,  of  that  for  eight  hours,  it  is  a  fact 
that  both  of  these  features  depend  radically  upon  the  method  of 
forming  the  plates  and  I  must  maintain  that  the  figure  is  accurate 
for  batteries  suitable  for  industrial  locomotives.  Certain  forma- 
tions of  plates  will  not  stand  the  high  discharge  that  others  will. 
As  to  the  efficiency  of  the  storage-battery  locomotive,  I  wish 
to  take  a  stand  for  conservatism  in  this  respect — perhaps  there  is 
a  slight  ambiguity  in  assuming  that  a  battery  is  entirely  dis- 
charged at  any  one  rate,  at  a  high  rate  especially,  but  such  an 
assumption  is  necessary  where  the  locomotive  duty  is  unknown. 
In  Table  V.  I  have  assumed  that  the  battery  is  fully  charged 
when  starting  to  discharge,  and  that  it  is  discharged  to  the  safe 
limit  without  any  time  given  for  recuperation.  I  have  stated  in 
reference  to  Table  V  , 

•    '*  As  the  energy  efficiency  and  storage  capacity  vary  with 
different  cdnditions  of  electrolyte  and  with  the  cycle  of 
voltage  through  which  the  battery  is  charged  and  discharged, 
this  table  cannot  be  considered  accurate  for  all  cases.'' 
In  each  case  where  the  battery  of  a  locomotive  is  to  be  charged 
and  discharged  in  repeated  cycles,  it  will  be  necessary  to  review 
an  entire  day's  work  in  order  to  get  a  complete  and  accurate  lot 
of  data  for  determining  the  energy  required  for  that  locomotive. 
The  use  of  resistance  for  starting  and  controlling  storage- 
battery  locomotives  has  proved  to  be  a  very  satisfactory  arrange- 
ment, and  the  energy  losses  in  the  resistance  are  not  considerable 
enough  ordinarily  to  be  an  objection,  when  consideration  is  given 
to  the  cost  of  maintenance  and  the  severe  strains  put  upon 
various  members  when  the  motor  terminal-voltage  is  instantly 
doubled. 

As  to  charging  the  battery  while  the  line  is  supplying  current 
for  operating  the  locomotive,  I  will  say  that  this  has  been  proved 
highly  successful  and  economical  in  several  instances.  It  is 
probable  that  a  battery  does  not  have  so  long  a  life  when  it  is 
thus  used,  as  there  is  a  temptation  always  to  charge  at  a  high 
rate,  but,  as  our  compressed  air  friends  would  say,  **  efficiency 
is  not  alone  the  ratio  of  the  energy  output  to  the  energy  input." 
It  depends  upon  the  results  in  the  work  for  which  the  battery  is 
designed. 

Mr.  Elmer  A.  Sperry: — I  would  like  to  call  attention 
to  the  rapidly  growing  demand  for  locomotives  of  this  nature, 
the  nature  described  in  this  paper.  I  believe  that  they  are 
going  to  fill  a  want  that  has  been  attempted  on  the  part  of 
our  compressed  air  friends.  Two  or  three  years  ago  I  was  called 
upon  to  make  some  comparative  tests  of  locomotives  of  this 
nature  and  those  operated  by  compressed  air,  and,  in  conformity 
with  the  last  remark  of  Mr.  Sessions,  it  would  seem  that  our  com- 
pressed air  friends  are  not  strong  in  the  matter  of  efficiency. 
That  is,  they  do  not  rely  very  materially  on  thi2  factor.     The 
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results  of  calculations  that  were  made  at  the  time  to  which  I 
refer  might  be  interesting  to  you,  as  pointing  not  only  to  the 
matter  of  efficiency  but  also  as  comparing  the  weights  necessary 
to  be  carried  in  the  two  instances  to  do  the  same  work.  We 
usually  think  the  storage-battery,  being  made  of  lead,  is  an  ex- 
tremely heavy  and  cumbersome  affair  to  carry  the  energy  that 
it  is  enabled  to  develop  and  supply.  Now,  as  a  matter  of  fact, 
the  compressed  air,  when  re-heated — not  taking  into  consideration 
the  weight  of  the  re-heating  apparatus — but  simply  considering 
.the  weight  of  the  compressed  air  drum,  and  in  this  instance,  as  I 
remember  it,  the  pressure  of  the  air- was  something  like  3700 
pounds  to  the  square  inch — we  found  that  the  amount  of  energy 
capable  of  being  supplied  per  ton  of  compressed  air,  together 
with  its  tank,  as  compared  with  the  ton  of  storage- battery  all 
told,  was  in  the  neighborhood  of  23  J  per  cent,  only,  in  the  case  of 
compressed  air,  less  than  one  quarter.  And,  as  over  against  this 
consideration,  we  have  another.  That  is,  the  compressed-air 
factor  is  running  down  as  it  is  exhausted.  For  instance,  when 
the  compressed  air  is  half  exhausted,  the  pressure  is  half  gone; 
when  three  quarters  exhausted,  the  pressure  is  only  one  quarter 
of  the  initial  pressure ;  whereas,  in  the  case  of  the  storage-battery, 
the  curve  is  almost  ideal.  The  battery;  when  we  have  exhausted 
it  one  half  is  still  almost  at  the  same  pressure  as  when  we  started: 
when  exhausted  three  quarters  it  is  still  nearly  the  same,  the 
curve,  as  you  remember,  being  almost  horizontal.  I  think,  as  I 
said  before,  that  there  is  a  gradually  widening  field  for  the 
storage-battery  car. 
[Communicated  after  Adjournment  by  Edgar  H.  Berry.] 

The  writer  has  taken  up  the  question  of  battery  efficiencies  at 
different  discharge  rates  with  a  well-known  company  which  has 
had  a  wide  experience  in  the  manufacture  and  maintenance  of 
storage-batteries,  and  whose  records  contain  a  considerable  fund 
of  information  in  regard  to  the  actual  performance  of  its  cells-. 

This  company  states  that  "  assuming  the  efficiency  of  75  per 
cent,  for  the  8-hour  charge  and  discharge  rates  to  be  correct,  the 
amoimt  of  energy  required  to  recharge  after  a  discharge  at  the  5, 
3,  or  1-hour  rate,  would  be  exactly  proportionate  to  the  amount 
taken  out — so  long  as  the  charging  was  done  at  the  normal  rate." 

On  this  basis  all  the  figures  in  Table  V.,  excepting  those  apply- 
ing to  the  8-hour  rate,  should  be  eliminated,  and  the  figures  for 
che  8-hour  rate  should  be  taken  as  applying  to  the  8-hour,  1-hour 
and  all  intermediate  rates. 

The  writer  does  not  for  a  moment  wish  to  advocate  the  delib- 
erate selection  of  a  high  discharge  rate  but  he  does  insist  that 
the  objections  to  such  a  course  do  not  arise  from  an  increase  in 
the  watt-hours  per  unit  of  work,  necessary  for  charging.  The 
penalties  imposed  by  a  high  discharge  rate  are  similar  to  those 
incurred  when  any  piece  of  apparatus  is  worked  very  near  its 
ultimate  limit  of  endurance.  A  high  discharge  rate  means  a  low 
factor  of  safety  for  carry ''ng  an  overload,  a  very  low  reserve 
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Storage  capacity,  and  a  considerable  increase  in  the  risk  of 
injury  to  the  plates  when  handled  by  unskilled  persons.  These 
are  the  considerations  that  must  be  set  against  the  increased 
cost  of  the  larger  battery  in  determining  the  proper  size  to  give 
the  highest  ultimate  commercial  efficiency. 

[Communicated  after  Adjournment  by  F.  L.  Sessions.] 
In  commenting  upon  Mr.  Berry's  supplementary  note,  I 
would  say  that  I  desire  to  give  the  storage-battery  credit  for 
whatever  efficiency  it  may  have.  Table  V.  is  correct  as  it  stands 
for  the  conditions  assumed.  Mr.  Berry  seems  to  overlook  those 
conditions,  and  to  distort  the  data  given  by  assuming  other 
conditions  for  the  sake  of  giving  the  storage-battery  a  better  face. 
It  is  difficult  in  compiling  data  to  choose  that  which  will  be 
convenient  for  every  case,  and  that  which  is  not  applicable 
should,  of  course,  not  be  used. 

The  statement  of  a  battery  manufacturer,  which  Mr.  Berry 
quotes,  is  probably  correct  for  the  conditions  assumed.  In  this 
connection  I  would  say  that  I  should  be  more  than  delighted  to 
learn  the  name  of  any  battery  manufacturer  who  will  guarantee 
either  efficiency  or  capacity,  or  assume  any  responsibility  for  his 
products  after  they  leave  his  factory. 
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PREDETERMINATION  IN  RAILWAY  WORK. 


BY  F.  W.  CARTER. 


A  presentation,  with  examples,  of  an  analyt- 
ical method  of  -treatment  of  train-movement 
problems  based  upon  the  assumption  that, 
within  the  working  range  of  ordinary  railway 
motors,  the  relations  between  tractive  effort  and 
current  may  be  represented  by  a  straight  line, 
and  between  speed  and  current  by  a  hyperbola. 

I. — Introductory. 
To  the  steam  engineer  it  must  occasion  some  surprise  to  ob- 
serve how  closely  the  performance  of  an  electric  train  can  be  pre- 
dicted from  the  knowledge  gained  by  a  few  stand  tests  on  its 
motors.  When  the  particulars  of  the  problem  are  fully  known,  it 
is  possible  to  determine  how  che  motor  will  behave  dynamically, 
when  put  to  a  particular  service,  with  almost  as  great  a  degree  of 
accuracy  as  its  conduct  can  be  observed.  This  possibility  arises 
from  the  simplicity  and  definiteness  of  the  circumstances  on 
which  the  performance  of  the  motor  depend.  At  any  particular 
voltage  the  torque  and  speed  corresponding  to  a  particular  current 
are  definite  and  can  be  determined  from  stand  tests,  whilst  the 
change  in  these  quantities  with  variation  of  voltage  can  be  com- 
puted. The  relation  between  torque  and  speed  is  all  that  one 
need  know  about  the  motor  in  order  to  determine  its  dynamical 
effect  on  the  train.  Knowing  the  frictional  resistance  to  motion 
at  any  particular  speed,  we  can,  from  the  torque  and  mass 
moved,  determine  the  rate  of  change  of  speed,  and  hence  the 
interval  of  time  required  to  produce  a  given  small  change  in  speed 
and  so,  by  a  process  of  point  to  point  construction,  obtain  the 
speed -time  curve,  from  which  to  determine  the  times,  distances 
etc.,  which  are  the  ultimate  ends  of  the  calculation.  Though 
somewhat  long  and  tedious,  this  is  the  natural  and  sagacious 
method  of  attacking  the  problem.  It  is  the  method  of  the  pio- 
neer, which  is  applicable  to  any  speed -torque  curve  whatever. 

133 


134 


CARTER:  RAILWAY  WORK. 


[June  30 


The  method  of  the  present  paper  applies  only  to  the  ordinary 
continuous  current  railway  tnotor,  or  to  motors  having  similar 
characteristics.  It  shows  how  some  of  the  machine  tools  of 
analysis  can  be  employed  in  the  treatment  of  the  problem,  for  the 
purpose  of  obtaining  the  required  results  without  having  to  build 
all  the  intermediate  bridges  afresh  for  ever\^  new  case  that  arises. 

The  most  general  problems  in  the  subject,  present  no  great 
difficulties  to  the  method,  which  nevertheless  takes  account  of  all 
the  circumstances  of  the  case.  Given  the  profile  of  a  road,  with 
the  stops,  curves,  etc.,  and  the  particulars  of  the  train  and  its 
equivalent,  also  the  mean  voltage  and  train  friction,  we  can  lay 
out  a  time  table  for  the  train,  find  the  energy  it  requires,  or  deter- 
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mine  the  motor  losses.  Such  a  problem  treated  by  the  usual 
method  would  be  very  long  and  consume  a  great  deal  of  curve 
paper,  whilst  the  method  herein  described  obtains  the  solution 
easily  and  completely  without  it  being  necessary  to  plot  a  single 
curve. 

The  paper  first  discusses  the  kinematics  of  tl:e  subject,  after- 
wards it  is  sliown  how  to  (Icterniinc  the  energy  used  and  the 
motor  losses.  Illustrative  exa:i:i)les  follow  the  general  treat- 
ment. 

The  infonnation  necessa  7  In  employing  the  method  is  given  in 
the  form  of  curves  and  simple  equations,  which  can  be  used  with- 
out reference  to  the  underlying  analysis. 
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II.-.— Principles  of  Method. 
We  have  stated  that  when  the  spec' -time  curve  for  any  equip- 
ment and  schedule  has  been  found,  we  :an  easily  determine  all 
the  circumstances  of  the  run,  and  have  indicated  how  the  speed- 
time  curve  for  the  train  can  be  computed  from  the  speed-tractive- 
effort  curve  of  the  motors.  Let  Fig.  1  represent  the  speed- 
tractive-effort  curve  for  a  motor.  Let  o  a  be  the  tractive  force 
required  to  overcome  train  resistance,  so  that,  at  the  speed  repre- 
sented by  the  point  p,  the  accelerating  force  per  motor  is  p  b.  Let 
Fig.  2  be  the  speed -time  curve  deduced  from  Fig.  1  for  a  particu- 
lar weight  of  train,  when  the  train  resistance  per  motor  is  o.  a.  If 
now  we  draw  a  number  of  such  speed-time  curves  for  different 
values  of  train  resistance  o  a,  W3  shall  have  provided  ourselves 
with  the  means  of  solving  any  problem  whatever  involving  this 
train  and  equipment,  having  simply  to  copy  the  required  portion 
of  the  appropriate  speed-time  curve.     If  we  wish  to  handle  a 
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problem  involving  several  grades  or  varying  train  resistance,  we 
can  do  so;  we  continue  for  the  requisite  distance  on  the  curve 
corresponding  to  the  first  grade,  then,  on  change  of  grade  step  to 
the  appropriate  curve  at  the  same  speed,  and  copy  the  requisite 
portion  of  this  curve,  and  so  on. 

Suppose  now  we  halve  the  gear  reduction  ratio  of  the  motors. 
This  will  double  the  speed  for  any  current  and  halve  the  tractive 
effort,  giving  us  Fi;^!  3,  which  is  exactly  the  same  as  Fig.  1, 
except  that  the  scales  are  altered.  Suppose  there  is  only  half  the 
weight  of  train  and  half  the  train  resistance  per  motor;  then  at 
any  point  p  we  have  half  the  accelerating  force  acting  on  half  tlie 
mass,  thus  producing  the  same  rate  of  acceleration  as  in  the 
problem  of  Figs.  1  and  2.  Since,  however,  the  velocity  is  doubled 
everywhere,  it  will  require  double  the  time  to  run  between  a  pair 
of  points  in  Fig.  3,  as  compared  with  the  corresponding  points  of 
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Fig.  1.  Thus  the  speed-time  curve  for  this  .case,  shown  in  Fig.  4, 
is  exactly  the  same  as  Fig.  2,  except  that  the  scales  of  time  and 
soeed  are  both  halved.  It  follows  then  that  the  system  of  speed* 
xime  curves  supposedly  drawn  to  correspond  to  the  equipment  of 
rigs.  1  and  2,  can  be  used  for  other  equipments,  by  proper  change 
in  the  scales  of  time  and  speed.  As  a  matter  of  fact,  as  we  shall 
.-how,  such  a  system,  drawn  for  a  particular  equipment,  will  apply 
to  any  equipment  whatever;  the  only  difficulty  in  the  use  of  such 
a  system  occurs  in  determining  which  curve,  and  what  scales  of 
ordinate  and  abscissa  are  to  be  employed  in  a  particular  case. 

The  general  shape  of  the  motor  characteristic  is  reflected  in  the 
general  shape  of  the  speed-time  curves,  whilst  the  fact  that  there 
^re  three  quantities  to  be  determined  in  any  particular  problem 
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Fig.  3. 
implies  that  the  affecting  circumstances  are  dynamically  equiva- 
lent to  three  only.  These  may  be  taken  as:  (1)  The  motor 
equipment,  represented  by  the  speed-tractive-effort  curve,  and 
including  the  gear  and  size  of  wheels,  besides  the  true  character- 
istic of  the  motor  at  the  voltage  used.  (2)  The  train  driven  by 
the  motors,  represented  by  its  effective  weight,  and  including  the 
apparent  additional  weight  due  to  the  effect  of  rotary  inertia. 
(3)  The  train  resistance,  including  that  due  to  grade  as  well  as 
frictional  and  wind  resistances.  From  one  point  of  view  we  may 
describe  the  object  of  the  present  paper  a^.  seeking  to  determine 
the  most  convenient  means  of  combining  these  three  circum- 
stances in  order  to  obtain  a  workable  solution  of  the  dynamical 
problem  of  train  motion  on  the  lines  indicated  above. 
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III.-  -NOTATIOX. 

Tae  suffix  1  is  used  to  distinguish  the  value  a  quantity  has 
during  the  time  of  acceleration  on  resistance.  The  suffix  2  dis- 
tinguishes a  quantity  during  speed-curve  running.  The  suffixes 
3  aad  4  refer  similariy  to  coasting  and  braking  respectively.  The 
suffix  0  marks  a  constant  of  the  same  dimensions  as  the  quantity 
represented  by  the  letter  to  which  it  is  attached.  A  dashed  letter 
signifies  the  value  that  a  quantity  would  take  if  frqe  running 
speed  were  attained  under  the  conditions  supposed.  A  letter 
without  distinguishing  mark  is  used  for  the  current  value  of  a 
quantity.  The  signification  of  the  several  letters  will  be  ex- 
plained as  they  are  met  with. 

IV. — General  Dynamics. 

Let  w  be  the  effective  weight  of  the  train  per  motor,  including 
the  apparent  addition  due  to  inertia  of  rotating  parts.     Let  s  be 
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th2  speed  at  time  /,  F  the  tractive  force  of  the  motor  and  F*  the 
res-stance  to  traction,  composed  of  frictional  resistance  and  grade 
resistance.  Then,  the  forces  being  in  gravitational  units  and  g 
being  the  value  of  the  acceleration  due  to  gravity,  the  general 
equation  of  motion  for  the  train  is 


w 


(it 


=  (F-F^)^ 


U) 


During  the  time  of  acceleration  on  resistance,  we  may  take 
F  and  F^  as  uniform,  giving  d  s/d  t  constant,  =  a^  wliere 

zi-a^  =  (F,-F^),?  (2) 

During  coasting  F  =  0,  and  if  we  assume  the  resistance  to 
motion  uniform,  (  =  Fc)  we  get 

wa^  =  -Fcg  (3) 

Similarly  during  braking  (witli  F^  as  resistance), 

wa^  =  -  Fb  i^  (4) 
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It  is  not  essential  to  the  method  of  the  paper  that  straight  line 
coasting  and  braking  curves  be  assumed  (i.e.,  that  F^  and  F^  be 
assumed  constant),  but  as  this  is  likely  to  be  as  close  to  the 
average  actual  case  as  any  other  specific  assumptions,  and  as 
furthermore  this  is  not  a  discussion  of  train  resistance  or  of  brak- 
ing curves,  we  shall  make  the  above  assumptions  where  we  deal 
with  coasting  or  braking. 

V. — The  Speed  Curve. 

The  chief  feature  of  this  system  is  the  treatment  of  speed-curve 
running,  for  the  dynamical  equations  present  no  difficulty  during 
the  periods  of  accelerating,  coasting  and  braking.     In  order  to 
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make  analytical  use  of  equation  1  during  the  period  in  question, 
it  is  necessary  to  construct  an  empirical  fonnula  connecting 
tractive  force  and  speed  for  the  working  portion  of  the  speed- 
curve.  Now,  the  speed-curve  has  all  the  appearance  of  a  rect- 
angular hyperbola,  and  as  a  matter  of  fact  the  hyperbola, 

(F  +  Fo)  (5-5o)  =/s:Fo5o  '  (5) 
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can,  by  proper  adjustment  of  the  constants  K  Fq  and  Sq,  be  made 
to  lie  extremely  close  to  the  speed  curve  over  the  whole  useful 
range  from  acceleration  to  free  running.  Figs.  5  and  6  show  two 
typical  speed-curves  with  the  hyperbolas  proposed  to  represent 
them,  and  it  will  be  noticed  that  the  hyperbola  lies  as  close  to  the 
actual  speed  curves — the  working  part  being  always  understood 
— as  would  a  speed-curve  on  another  motor  of  the  same  type.  In 
fact,  it  is  as  close  as  the  test  can  be  relied  upon,  and  it  is  useless  to 
attempt  greater  accuracy  than  this. 
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The  curves  of  Figs.  5  and  6  are  in  no  way  exceptional,  but 
represent  what  in  the  author*s  experience  are  average  cases, 
so  that  the  assumption  that  the  speed-tractive  effort  curve 
can  be  .represented  by  such  an  equation  as  5,  appears  fully 
justified.  I  have  dwelt  upon  this  point  as  it  is  the  funda- 
mental assumption  of  this  method  of  treatment,  and  anyone 
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doubting  the  accuracy  of  the  results  has  practically  to  show 
where  the  assumption  fails,  for  the  rest  is  purely  mathematics. 

Concerning  the  constants. — K  depends  only  on  the  shape  of  the 
curve,  and  for  an  average  well-shaped  characteristic  lies  in  the 
neighborhood  of  3^  or  4.  Fp  is  of  the  dimensions  of  force.  It 
varies  as  the  gear  reduction  ratio  and  inversely  as  the  diameter 
of  the  wheels.  Sq  is  a  speed,  varying  inversely  as  the  gear  reduc- 
tion ratio  and  directly  as  the  diameter  of  the  wheels.  It  also 
practically  varies  as  the  voltage,  though  a  large  change  in  voltage 
will  change  the  shape  of  the  speed  curve  slightly,  and  so  change 
all  the  constants  a  little.     (See  also  Sec.  VIII.) 

We  shall  usually  express  speed  as  a  multiple  of  Sq — ^making  5^ 
the  unit  of  speed.     Thus  writing  s/sq  =  q,  equation  5  becomes 

(F  +  Fo)  (q-l)^KFo  (6> 

In  terms  of  this  unit  the  free  running  speed  is  given  by 

(F^-fFo)((7^-l)  ^KF,  (7) 

whilst  the  speed  of  striking  the  speed-curve  after  acceleration  on 
resistance,  is  given  by: 

(F,  +  F,){q,-^l)  =  KF,  (8) 

VI. — Dynamics  Continued. 
From  equations  6  and  7, 

From  equations  7  and  8 
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From  equation  1, 

,  w       d  s      _  w  J,      d  q 

wlience,  from  equation  9, 

dt^-^4^.{q'-\)^-f-^dq  (12) 


9j 

«,  =  ^^(9'-i)  {s.fLLd. 


ll3) 


KF^g^^         'J     q'-q 


Equations  10  and  13  give  respectively  the  times  t^  and  t^  each  as 
the  product  of  two  factors — one,  j^^^  depending  on  the  equip- 
ment only,  and  the  other  depending  on  q^  and  therefore  on  the 
resistance  to  traction,  i.e.,  on  the  grade.     Similarly  the  distances 

iv  s 
given  by  equations  11  and  14  are  each  the  product  of  v^-^^ — 

and  a  function  of  q^.     Now,  just  as  we  have  taken  s^  as  our  unit 

IV  s 

of  speed,  we  will  take  T  =  j^  y^"     as  our  unit  of  time,  and 

IV  s 

D  ^  r^  J^     as  our  unit  of  distance,  writing  T  and  D  for  short- 

ness,  as  these  quantities  occur  frequently.  This  is  an  obvious 
piece  of  manipulation,  but  at  the  same  time  is  most  imporant. 
It  enables  all  the  infinite  possibilities  of  the  subject  to  be  expressed 
in  one  system  of  curves,  which  cover  all  equipments  and  all 
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grades,  and  which »  having  been  once  computed,  reduce  all  prob- 
lems to  mere  reference  to  them.  These  curves  are  placed  on 
record  in  various  forms  in  plates  I.,  II.  and  III. 

With  T  and  D  as  units  of  time  and  distance,    equation  10 
reduces  to 

Equation  11,  to 
Equation  13,  to 

-[-('/.- 1)  -  log.  Jt^'5']}     (17) 

Equation  14,  to 

d^  =  q't2-  '^J  -  {  (</.  -  1)'  -  ('7.  -  1 )'}  (1«) 

If  we  adopt  these  same  units  of  time  and  distance  whilst  coast- 
ing and  braking,  we  get  from  equation  3 

/,  =  ^».    (r7,-7,y  (10> 

^  ^   ql-cjl  ^20) 

where  ^3  is  the  speed  at  the  end  of  coasting. 
Similarly,  from  equation  4, 

t,  =  ^(q,-qO  (21) 

J.  =  -^  -2—  (22) 

where  ^4  is  the  speed  after  braking  .which  of  course  equals  zero  if 
the  train  is  stopped. 


1903.]  CARTER:  RAILWAY  WORK.  143 

For  the  usual  stop,  coasting  followed  by  braking,  we  get  for  the 
total  time  with  power  off, 

and  for  the  total  distance, 

whilst,  if  there  is  no  coasting,  7,  =  ^3. 

The  kinematics  of  the  subject,  as  treated  by  this  method,  is 
entirely  included  in  equations  15  to  24. 

VII. — Universal  Speed  Time  and  Distance  Curves. 
Plate  I.  gives  curves  between  q  and  /,  where 

f  -  (q^  -^  1)  j  _  (^  _  1)  -.  log,  ?1^  I  (see  equation  17) 

for  different  values  of  g*,  that  is,  with  a  particular  equipment,  of 
train  resistance;  (the  figures  attached  to  the  several  curves  are 
the  values  of  g*  for  which  they  are  plotted.)  These  are  universal 
speed-time  curves  corresponding  to  that  portion  of  the  run  which 
is  made  on  the  speed-curve.  The  time  spent  on  the  speed-curve  is 
the  difference  between  the  ordinates  at  q^  and  q^  of  the  particular 
curve  for  which  the  constant  q^  corresponds  to  the  equipment  and 
resistance  in  question.  If,  having  reached  the  speed  g,,  we 
strike  another  grade,  we  simply  determine  the  value  of  q^  for  this 
grade,  and  stepping  to  the  corresponding  curve  at  the  same 
abscissa  g„  proceed  the  requisite  time  on  this  latter  curve,  and 
so  on. 

Curves  corresponding  to  the  lower  free -running  speeds  have  a 
second  branch  in  which  the  speed  approaches  free-running  from 
above.  These  are  for  use  when  we  happen  to  strike  a  grade  at  a 
speed  higher  than  the  free-running  speed  corresponding  to  that 
grade,  and  require  no  special  treatment. 

Plate  II.  gives  universal  speed-distance  curves,  from  the 
equation, 

(7^  —  1 

d  ^  q^  t  —  -^— ^ —  {q—iy  (see  equation  18) 
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These  are  used  in  the  same  manner  as  the  speed-time  curves, 
and  are  perhaps  more  generally  useful,  smce  in  such  work  as 
laying  out  a  time  table  it  is  the  distance  on  each  grade  that  is 
known. 

Plate  III.  gives  universal  time-distance  curves  corresponding 
to  speed-curve  running  for  such  values  of  q\  as  occur  on  approxi- 
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mat  .My  level  track.     They  will  be  found  useful  in  certain  pre- 
liminary calculations.     [See  Section  XIV.  c] 

The  speed -time  curve  corresponding  to  any  run  can  easily  be 
plotted.  The  portions  of  it  which  represent  acceleration,  coast- 
ing, and  braking  are  straight  lines,    and  present  no  difTiculty 
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Whilst  the  portion  representing  speed-curve  running  is  copied 
directly  from  the  appropriate  curve  in  Plate  I. — the  time  co- 
ordinate being  multiplied  by  T  and  the  speed  coordinate  by  5o. 
Similar  remarks  apply  to  the  speed-distance,  and  distance-time 
curves.     [See  Section  XIV.  e.] 

VIII. — Series  Running. 
If  any  part  of  the  run  is  to  be  made  with  motors  in  series,  we 
can  negotiate  it  by  means  of  our  speed-time  and  speed-distance 
curves,  by  changing  the  scale  of  ordinate  and  abscissa,  practically 
by  halving  Sq,  better,  if  there  is  much  series  running,  by  recalcu- 
lating the  constants  of  the  speed-curve  so  as  to  give  the  correct 
curve  corresponding  to  half  potential.  From  these  new  con- 
stants we  obtain  new  values  of  7,  D  and  s^,  which  determine  the 
scales  in  the  speed-time  and  speed-distance  curves. 

IX. — The  Current  Equation. 

An  inspection  of  the  curve  between  tractive  force  and  current 
for  a  ir.otor  will  show  that  it  is  never  far  removed  from  a  straight 
line — remembering  always  that  we  need  only  concern  ourselves 
with  the  portion  between  accelerating  and  free-running — and  d 
straight  line  judiciously  chosen  is  perhaps  as  nearly  accurate  as 
the  nature  of  the  subject  will  permit.  However,  it  docs  not 
introduce  any  very  great  complication  to  proceed  to  greater 
accuracy,  and  we  shall  perform  the  analysis  in  such  manner  as  to 
•nclude  the  more  general  case,  whilst  bein^^  immediately  reducible 
to  the  form  corresponding  to  a  straight  line  tractive  effort  curve. 

Let  "-he  straight  line  betv^cen  current  (I.)  and  tractive  force  be, 

/  =  ]^^(F  +  FO  (25) 

where  F;  is  h  constant.  Substituting  for  F  from  equation,  6  wc 
get, 


Now  writing,  Fj  —  F^  ■■  if  F^  6,  we  get 


I-.  ^'1 


^=^1-— ,    "-by  (26) 
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This  is  a  hyperbola  connecting  current  rnd  speed,  which 
assumes  a  straight  line  law  connecting  current  and  tractive  force. 
If  now  we  put, 

'''•\~,^»\  («) 

we  can  adjust  the  three  constants  /©  ^i  and  6,  so  as  to  make  the 
hyperbola  of  equation  27  cross  the  speed-current  curve  at  three 
points  within  the  useful  range,  and  practically  coincide  with  it. 
By  putting  ^i  =  1  in  any  result  deduced  from  equation  27  we 
reduce  it  to  the  corresponding  result  for  equation  26. 
The  free  running  current  is, 

and  the  accelerating  current, 

The  ampere-time  curve,  for  that  portion  of  the  run  which  is 
made  on  the  speed-curve,  can  be  deduced  from  the  speed-time 
Surve  and  equation  26  or  27.     [See  Section  XIV.  e.] 

X. — Energy  Required. 
Assuming  series-parallel  control,  the  energy  taken  per  motor 
during  acceleration  in  series,  is, 

during  acceleration  in  multiple  twice  this  amount  is  used,  so  that 
the  total  energy  required  during  acceleration  is, 

El  =  i  F  /i  /j  7  watt-seconds  (30) 

The  energy  required  during  speed  curve  running  is, 

£,  =  vfldt 
=  V  tJi,  (^^  H-  6  )  (^1  -  1)  ?r;^  J  J  ^      (See  equation  15^) 

-  K/|/   U-\-  /o^i_^.  (72-^iiH^  ^l_^. 

^^Se^^-J    [  (31) 

When  ^i  =  1 
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For  an  extended  run  on  several  grades  the  quantity  within 
the  brackets  becomes, — **  the  stun  of  the  value  of  /*  /,  for  the 
several  grades,  +/©  times  the  total  increase  of  speed  between 
striking  the  speed  curve  and  cutting  off  power  " — intermediate 
speeds  on  the  grades  cancelling.  With  a  little  trouble  equation 
31  can  be  reduced  to  a  form  almost  as  simple  for  calculation. 
[See  Section  XII     Equation  38 1 

XI. — Copper  Losses. 

If  /?  be  the  resistance  of  the  motor  (or  of  armature  or  field),  the 
P  R  loss  in  this  resistance  is,  during  acceleration, 

Ci  -  /^  /j»  t^  T  watt-seconds  (33) 

Duiing  speed-curve  running, 


:.  -  Rfi 


Pdt 

9» 


If  we  put  gi  =  1,  this  reduces  to 

C,  =■  /?  r   j  /«'  /,  +  /o  (/•  +  6  /.)  (</,  -  q,)  +  /.» log.  ll^J  I        (35) 

FcT  a  run  in  which  power  is  Kept  on  over  a  number  of  different 
grades  the  terms  P^  t^  and  /,,  /*  (g,  -  q^)  have  to  be  computed  for 
each  grade,  whilst  in  the  other  terms  intermediate  speeds  cut  out 
and  ifhe  sum  depends  only  on  the  speed  of  striking  and  leaving 
the  speed-curve.  Although  it  is  not  usual  to  compute  the 
losses  for  such  extended  runs,  it  is  nevertheless  advisable  to  place 
the  method  of  calculation  on  record. 
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XII. — Iron  Losses. 

The  core  loss  of  a  motor  cannot  be  calculated  with  any  accur- 
acy, but  when  it  has  been  determined  by  test,  we  can  compute 
the  iron  losses  corresponding  to  any  run,  although  of  course  the 
reliability  of  the  result  is  not  greater  than  that  of  the  core  loss,  so 
that  it  is  useless  to  aspire  to  too  great  accuracy. 

During  acceleration  on  resistance  the  mean  core  loss  is  rather 
less  than  a  half  of  the  maximum  and  may  with  sufficient  accuracy 
be  taken  as  0.4  W^  where  W^  is  the  core  loss  on  reaching  the  motor 
curve  at  the  accelerating  current.     Thus  we  may  write 

Li  =  .4  l\\  t^  T  (36) 

The  core  loss  at  constant  voltage  has  usually  to  be  drawn 
through  a  very  few  test  points,  and  if  we  can  find  an  empirical 
formula  which  represents  a  smooth  continuous  curve  through 
these  test  points — at  any  rate  such  of  them  as  lie  within  the 
useful  range — this  formula  will  represent  the  core  loss  quite  as 
well  as  the  usual  arbitrary  curve  through  the  points.  Whilst  I 
am  not  prepared  to  propose  a  formula  that  will  suit  all  core  loss 
curves,  I  have  found  that  the  commonest  shape — that  which  rises 
continually  with  the  current,  if  plotted  against  speed,  can  be 
closely  represented  by  a  hyperbola  of  the  form, 

iW-W,){q-q,)  =  P  '  (37) 

where  the  constants  P,  Wq  and  q^  are  chosen  to  make  the  curve 
pass  through  three  test  points  within  the  useful  range. 

The  iron  loss  during  speed-curve  running  is  obtained  from 
equation  37  by  the  same  integration  as  the  energy  is  obtained  in 
equation  31.     Thus, 


+  ^  (9,  -  9.)  -  (1-  Ro)  loge  \^  \      (38) 

H\       Ho  ' 
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The  last  form  of  the  above  equation  is  for  use  on  a  run  over 
several  grades.  In  it  the  first  term  is  the  important  one,  the 
second  and  third  are  small,  whilst  the  last  two  depend  only  on 
the  speeds  of  reaching  and  leaving  the  motor  curve. 

XIII. — Remarks. 
The  foregoing  sections  provide  us  with  all  the  tools  required  in 
the  subject,  in  the  form  of  a  score  or  so  of  equations  and  a  few 
systems  of  curves.  The  equations,  being  in  general  form,  are 
independent  of  any  particular  system  of  units.  In  the  examples 
that  follow,  mtended  merely  to  show  the  use  and  application  of 
the  method — we  shall  adopt  the  units  usual  in  this  country' — 
miles  per  hour,  watt  hours  per  ton  mile,  etc. 

■  XIV. — Examples. 

(a)  Equation  of  speed -tractive-effort  curve: 

In  order  to  determine  the  constants  /C,  F^  and  s^  of  equation  5 
we  select  three  points  on  the  motor  curve — one  near  free  running, 
one  near  accelerating,  and  the  third  about  half-way  between 
these  two — and  compute  the  values  of  the  above  constants,  which 
will  make  the  hyperbola  pass  through  these  points.  Thus  from 
Fig.  5  we  get, 


Speed  (m.p.h.) 

Tractive  Effort  (lbs.) 

27.5 

180 

19.0 

510 

14.1 

1350 

Now,  equation  5  may  be  written, 

Fs+F^s-Fso=  (K  +  l)F^s^  (39) 

Thus, 

27.5  X  180  +  27.5  F,  -  180  5,  = 

19.0  X  510+ 19.0  F,  -  510  5,  = 

14.1  X  1350+14.1  F,- 1350  5,  =  {K  +  l)FoS^ 
or                4950  +  27.5  Fo- 180  5.= 

9690  +  19Fo-510  5,  = 

19035+ 14.1  F„- 1350  5o  =  (/i:+l)Fo5o  (40) 

.-.4740  =  8.5  Fo +  330  5,  (41) 

9345  =  4.9Fo  +  840  5o  (42) 

Multiplying  equation  4l  by  4.9/8.5,  we  get, 

2735  =  4.9  Fo  + 190  s. 
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subtracting  this  from  42  gives 
6610  =  650  ^ 

.•.5o  -  10.17  m.p.h.  =  14.92  f.p.s. 
From  equation  41  we  get 

8.5  Fo  =  4740  -  3356  =  1384  . 
.•.Fo=  163  lbs. 
whence  from  equation  40, 

(/C  + 1)  X  J658  =  4950  +  4480  -  1830  -  7600 
or  a:  =  3.585 

Thus,  the  equation  of  the  speed  curve  is 
(F+163)  (5-10.17)  =  3.585x10.17x163 

=  5940  (43) 

This  gives  the  constants  for  this  motor,  running  at  500  volts 
with  gear  reduction  ratio  4.31.  Fig.  5  shows  some  points  cal- 
culated from  the  above  equation. 

(b)  Equation  of  current  curve: 

If  we  wish  to  determine  the  current  accurately,  as  given  by 
equation  27,  the  problem  is  the  same  as  the  last.  We  select  three 
speeds,  and  read  the  corresponding  currents  from  the  test  curve, 
then  proceed  to  find  the  constants  of  equation  27  just  as  we  did 
those  of  equation  5  in  the  last  problem.  Thus,  from  the  curve 
of  Fig.  5  we  get. 

If  the  less  exact  form  of  equation  26  is  sufficient,  we  select  two 
points  and  read  current  and  tractive  effort,  then  determine  the 
equation  of  the  straight  line  joining  the  points.  Thus,  from 
Fig.  5  we  get, 

Amperes.  Tractive-effort  (lbs.) 

34  300 

80  1155 

whilst  K  Fo  =  584 
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Hence,  from  equation  25,  we  get, 

584X34  -  /,(300+Fi) 

584X80  =  /,(1156+Fi) 
.-.  584X46  =  855  7, 
.-./,=  31.4 

Fi  -  332 

6- (332-163)/584 
-  .29 


giving, 


Thus, 


)f^--| 


31.4    i—=^  4-. 291  (45) 


The  current  equation  in  this  form  (or  that  oi  eqi^ation  44), 
is  independent  of  gear  reduction  ratio  and  practically  of  the 
voltage. 

(c)  To  determine  the  characteristics  of  h  motor  equipment 
required  to  handle  a  given  service : 

Let  it  be  required  to  make  a  schedule  speed  of  17  m.p.h., 
allowing  two  stops  per  mile  of  10  seconds  each,  and  assuming 
that  10  per  cent,  of  the  total  time  will  be  consumed  in  unavoid- 
able delays.  Let  the  estimated  effective  weight  of  the  train  be 
eight  tons  per  motor,  and  the  friction  20  lbs.  per  ton  of  effective 
weight,  or  160  lbs.  per  motor  in  all.  Let  acceleration  and  braking 
retardation  be  both  at  the  rate  of  1.32  m.p.h.  per  sec,  requiring 
120  lbs.  per  ton,  so  that  the  total  force  required  per  motor  during 
acceleration  is  8X140  =  1120  lbs.  Let  us  allow  moreover  for 
10  per  cent,  of  the  distance  being  coasted.  Thus  we  must  cal 
culate  on  making  17  miles  in  54  minutes,  and  the  typical  run  is 
one  of  one-half  mile  in  95.3  seconds,  including  a  stop,  or  of  2,640 
feet  in  85.3  seconds  actual  running  time. 

We  first  make  a  calculation  of  the  distance  and  time  power  is 
off — estimating  the  maximum  speed  reached,  say  31  m.p.h  in 
this  case.     Then, 

Coasting  distance,  264  feet.  Coasting  time,  5.9  seconds. 

Speed  at  end  of  coasting,  29. 7 m.p.h. 

Braking  distance,  490  feet.  Braking  time,  22.5  seconds. 

Distance  power  off.  754  feet.       Time  power  off,  28.4  seconds. 
Distance  power  on,  1886  !eet.     Time  power  on,  56.9  seconds. 
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Assume  for  the  speed  curve, 

(F  +  Fo)  ((?-!)  =4  Fo 
which  is  about  an  average  shape ;  also  assume  that  free  running 
on  the  level  is  reached  when  q  =  2.5,  (this  is  about  the  usual 
thing  in  street  railway  work),  then, 

(160  +  Fo)  (2.5-  1)  =  4Fo     (See  equation  7) 
.-.Fo  =  96  lbs. 

^ 16000 _^ 

^   ~  4x96x32.2^^  ""  ^"^^' 
D  =  1.3  5o' 
Thus,  if  t  and  d  are  respectively  the  total  time  and  distance 
that  power  is  on,  expressed  in  terms  of  our  usual  units: 
1.3  5o  f  =  56.9  seconds. 
1.3  5oM  =  1886  feet 

VJ      >/"T886xT3_    g_ 
•■•"/■""  56:9         "  '^^ 

Now,  the  speed  of  striking  the  speed -curve  is  given  by, 

(1120  +  96)  {q,-l)  =  384 

(See  equation  8) 
r.q,  =  1.316 

ti  ==  .525  (See  equation  15) 

d^  =  .35  (See  equation  16) 

Referring  to  Plate  III.  (or  Plates  I.  and  II.),  we  see  that  the 

reading  on  the  curve,  "  2.5  *'  corersponding  to  speed  1.316  is — 

time  .065  distance,  .06.     Now,  if  t  be  the  reading  of  time,  and  d 

that  of  distance,  when  the  power  is  cut  off, 

i  =  t4-.525-.065  =  T+.46 
^  =  ^+.35-.06  =  ^  +  .29 
Thus,  we  have  to  determine  the  point  on  curve  "  2.5,"  Plate 
III.,  which  satisfies. 

T-I-.46 
This  we  find  by  trial  to  be, 

T  =  1.68 
Hence  5  =  3.18 

^•=i:3ir6.s'+TiG)=  20.5  f.p.s.  =  13.95  ^^.p.h. 

The  reading  of  speed  at  time  1.68  on  curve  **  2.5,"  plate  I.,  is 
2.18,  which  makes  the  speed  just  before  cutting  off    power, 
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2.18X13.95  =  30.4m.p.h.  For  the  purpose  of  a  preliminary 
caicuiation  this  will  probably  be  sufficiently  near  to  the  31  m.p.h. 
assumed. 

Thus  we  have  found  the  constants  of  the  speed-tractive-effort 
curve  suitable  for  this  service.  Fig.  7  shows  the  curve  so  deter- 
mined. 

T^-«  curves  of  Plate  III.  can  be  used  in  a  very  similar  manner 
to  determine  the  gear  reduction  required  with  a  given  motor  in 
order  to  handle  a  given  service. 
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Fig.  7. 

/i)  Given  the  train  and  equipment,  to  determine  how  to  make 
the  schedule. 

Let  the  train  and  schedule  be  the  same  as  in  the  last  exa^iple 
(c),  and  the  mqtor  that  whose  characteristic  is  jiven  in  Fig.  5  (see 
example  a),  but  with  gear  reduction  3.05 

Then  from  equation  43  we  get, 

Q     QK 

Fo-  4^X163  -  115  lbs. 

^0    ""I^X  1^-17  -  14. 4  m.p.h.  -  21.1f.p.s. 

K  -  3.585 
w   ^  10000 

16000X21.1 


T   - 
D   - 


3.585X115X32.2 
25.45X21.1  =  o-iTfcct 


25.45  seconds. 
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As  in  the  last  example,  we  have  to  muke  2640  feet  in  85.3 
seconds,  or  in  our  units,  distance  4.92  in  time  3.355.  Let 
acceleration  and  braking  be  as  in  the  last  example;  thus  the 
speed  q^  of  striking  the  speed  curve  is  given  by 

(1120+ 115)  (g,  -  1)  =  3.585  X 115  (see  equation  8> 

or  q^  =  1.335 

(Equation  44  shows  this  corresponds  to  acceleration  at  about 
100  amperes.) 
The  equipment  speed  q^  is  given  by, 

(160+115)  (g*-  1)  -=  3.585x115  (see  equation  7) 

or  q^  =  2.50 

The  coasting  resistance  (Fo)  we  will  take  as  160  lbs.,  whilst  the 
braking  resistance  (Fb)  is  960  lbs.  Thus,  the  constants  of  equa- 
tions 23  and  24  are. 

^0  ^  2.58,  ^«  =  0.43.  ^0-^0  =  2.15 

/*o  ^b  ^c  ^b 

The  time  of  acceleration  is  (equation  15). 

/,  =  .575 

and  the  distance  is  (equation  16), 

d,  =  .38 

We  now  proceed  to  determine  the  mstant  when  we  must  cut 
off  power  in  order  to  make  the  given  distance  in  the  given  time. 
Thus  try  ^j  =  2.2,  whence  from  Plate  I., 


tj  =  1.81  -  .06  = 

1.75 

t,  = 

.575 

Time  power  on, 

2.325 

Total  time, 

3.355 

.•.  Time  power  off, 

1.03 

whence  ^equation  23), 

2.15  9,  =  2.58x2.2- 

- 1.03  = 

<7,  =  2.16 

4.645 
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Thence  from  equation  18  (or  Plate  II.), 

d,  -  3.38 
di  =     .38 
d^  +  d^  =  1.23  (see  equation  24 ; 

Total  distance,  4 .  99,  instead  of  4 .  92 

Thus  we  make  somewhat  too  great  a  distance  in  the  time;  ard 
must  cut  off  power  earlier.     Taking  g,  =»  2 .  13,  we  get, 

/,  =  1.37  q^  =  1.90 

«i  =     .575  d,  -  2.55 


<!  +  /,  =  1.945  d^  =     .38 

Total  time,  3 .  355  d,  +  d*  -  1 .  98 


<8  +  ^  =  1-41  Total  distance,  -4.91 

This  then  leads  to  distance  4.91  in  time  3.355,  which  is  suffi 
ciently  near  to  the  required  solution. 
Resuming  familiar  units  we  get, 

Time  of  acceleration,  •=14.6  sees. 

Time  power  on,  —  49. 4  sees. 

Time  coasting,  —  15. 1  sees. 

Time  braking,  -»  20.8  sees. 

Distance  of  acceleration,  -»  206  feet. 

Distance  power  on,  —  1573  feet. 

Distance  coasting,  —  648  feet. 

Distance  braking,  -=416  feet. 

Speed  on  striking  motor  curve,    -»  19 . 2  m.p.h. 

Speed  on  cutting  off  power,         «  30.65  m.p.h. 

Speed  on  beginning  to  brake,      =-  27. 35  m.p.h. 

(e)  To  plot  speed-time  and  current-time  curves. 

Having  determined  the  duration  of  the  several  parts  of  the  run 
as  in  the  last  problem,  we  can  immediately  put  in  the  portions  of 
the  speed-time  curve  corresponding  to  accelerating,  coasting  and 
braking — which  consist  of  straight  lines.  The  portion  that  is 
run  on  the  motor  curve  is  copied  from  the  appropriate  curve 
{q^  =  2.5)  in  Plate  I,  the  speed  coordinate  being  multiplied  by 
Sq  =  14.4  m.p.h.,  and  the  time  coordinate  by  T  ==  25.45  seconds. 
If  we  add  to  the  reading  of  time  in  plate  I.  the  time  of  accelera- 
tion ( .  575)  and  subtract  the  reading  ( .  06)  on  first  striking  the 
speed  curve,  we  shall  arrive  at  the  time  measured  from  the  begin- 
ning of  the  run. 
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Thus,  for  ^  =  2.0,  we  get  for  the  reading  of  time,  . 97,  whence 
the  time  from  the  beginning  of  the  ran  is  .  97  -f  .  515  =  1 .  485  or 
37.8  sees.,  and  the  speed  is  2. OX  14.4  =»  28.8  m.p.h.  The  cur- 
rent per  motor  is  given  by  equation  44  or  45,  according  to  the 
accuracy  desired. 

These  curves  are  plotted  in  Fig.  8,  which  shows  also  some 
points  calculated  by  the  usual  point-to-point  method,  from  the 
curve  in  Fig.  5. 

Speed  distance  curves  can  be  plotted  in  a  similar  manner  front 
equations  16,  20  and  22  and  Plate  11. 

(/)  Energy  used. 
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Equation  44  with  equations  28  and  29,  gives: 

/*  =  29  amps, 
/i  =  100.7  amps, 
fience,  from  equation  30, 

TTj  =  3X500X  100. 7X. 575X25. 45 
=  552000  watt-seconds 

From  equation  31, 
£:,  =  500X25.45    .J2OX  1.37  +  40.6  ^^.f;^    X.795 

-40.6  r^|r   X. 082X2. 3X. 463 

1  .00  J 

•  500  X  25.45  130.8  +  30.6 -3.  if 
•-:  852000  watt-seconds 
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Total  energy  input  «  1404000  watt-seconds 

Which  gives  97.5  watt-hours  per  ton  mile. 
Equations  45,  30  and  31  lead  to, 

£i  =  564000  watt-seconds 

£,  ==  845000  watt-seconds 

In  all  1409000  watt-siconds,  differing  from  the  more  exact 
calculation  given  above,  by  only  0.35%  in  this  case. 

(g)  Motor  losses : 

Calculating  copper  losses  from  the  less  exact  current  equation 
(No.  45),  we  get,  from  equation  33, 

Ci  =  /?  X 103*  X. 575x25.45 

=  /?  X 155000  watt-seconds 

whilst  from  equation  35  we  get, 

Cj  =  /?X25.45  {1236  +  975+1200} 

=  R  X  86800  watt-seconds. 

Total  copper  loss  ==  /?  X  242000  watt-seconds. 

The  more  exact  calculation,  using  equations  44  and  34,  gives 
the  total  copper  loss  as  /?  x  237000  watt-seconds. 
Now,  the  hot  resistances  are. 

Armature,   .108  ohms 
Field,  .214  ohms 

Thus,  the  total  copper  losses  are, 

Armature,       25600  watt-seconds. 
Field,  50700  watt-seconds. 

These  losses  correspond  to  A  mile  or  1/34  of  an  hour,  thus  the 
mean  losses  during  the  time  of  running  are, 

Armature,  242  watts. 
Field,  478  watts. 

The  core  loss  on  this  machine  is  closely  represented  by, 

(W  -  940)  {q  -  .705)  -  456  (See  equation  37.) 

Thus. 

\\\  =  9404-4^  =  1665  watts 

W^  =  940+    /!^.    =  1195  watts 
1.  /yo 
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Hence,  from  equation  36, 

L,  =  .4  X 1665  X. 575x25.45 
=  9730  watt-seconds 

From  equation  38, 

Lj  =  25.45     {1638  +  303-91} 
=  47100  watt-seconds 

Hence,  the  total  core  loss  during  the  run  is  56830  watt-seconds, 
and  the  mean  loss  is  537  watts. 

(A)  Calculation  of  time  between  stops,  taking  accoimt  of 
grades,  curves,  etc. ;  also  determination  of  energ)f  input. 

As  a  final  example  take  the  case  of  a  train  having  actual  weight 
per  motor  car  of  52  J  tons,  and  effective  weight,  58  tons,  each  car 
being  equipped  with  four  motors  of  the  type  whose  speed  curve  is 
given  in  Fig.  6.  Thus,  Fo  =  184  lbs.,  K  =  4.06,  5o  =  18.6 
m.p.h.  =  27.25  f.p.s. 

The  grades  in  a  long  run  between  two  stops  are  given  in  Table 
L,  with  the  results  of  the  calculations.  The  first  500  feet  is  run  in 
series  as  the  speed  is  limited  to  10  m.p.h.  over  the  following  400 
feet,  on  account  of  crossings,  afterwards,  the  run  is  made  in  full 
multiple. 

The  current  curve  is  approximately. 


58 


(t^--) 


Acceleration  is  taken  at  190  amperes  per  motor,  braking  at 
120  lbs.  and  train  resistance  at  15  lbs.  per  effective  ton. 
Thus, 

w  =  29000  lbs. 

-,         29000x27.25         __  , 

^  =  4.06X184X32.2  =  ^^'^^  ^"^^'^^^• 

D  =  32.95x27.25  =  897  feet 

Friction  =  217.5  lbs. 
q^  is  given  by 

1  190 
7  =  -E3-  -  -39,  or  q^  =  1.346         (equation  29) 

^j—  JL  Oo 

Also, 

IC  P 

—r=r-  =  .43  (equations  21  and  22) 
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In  the  accompanying  table,  the  first  coltimn  gives  the  grade; 
the  second  gives  the  distance  on  that  grade,  in  feet;  the  third 
this  distance  divided  by  897,  i.e.,  reduced  to  our  usual  units;  the 
fourth,  the  resistance  per  motor  on  the  particular  grade,  being 
217.5  +  262.5  x%  grade,  whilst  the  fifth  gives  the  free  running 
speed  corresponding  to  the  grade,  from  equation  7,  with  the 
above  constants.  The  sixth  and  seventh  columns  give  respect- 
ively the  speeds  of  striking  and  leaving  the  speed  curve  on  the 
particular  grade.  The  eighth  column  gives  the  distance  acceler- 
ating on  resistance;  the  ninth,  the  distance  run  on  the  motor 
curve,  the  tenth  the  distance  coasted,  and  the  eleventh  the  dis- 
tance passed  over  in  braking.  The  twelfth,  thirteenth,  four- 
teenth and  fifteenth  columns  give  respectively  the  times  cor- 
responding to  the  distances  in  the  eighth,  ninth,  tenth  and 
eleventh  columns.  The  sixteenth  column  gives  the  free  running 
current  from  equation  28,  with  the  above  constants;  the  seven- 
teenth is  £i  -^  F  r,  from  equation  30,  whilst  the  eighteenth  col- 
umn is  E3  -5-  F  r,  from  equation  32,  being,  after  the  second  line, 
simply  the  value  of  P  t^,  supplemented  by  an  additional  term  at 
the  end,  in  accordance  with  the  remark  following  equation  32. 
The  figures  in  brackets  in  the  first  line  are  in  units  appropriate  to 
series  running  [see  Sec.  VIII.],  whilst  the  second  line  gives  the 
same  quantities  in  terms  of  the  units  used  in  the  remainder  of  the 
table,  for  convenience  of  addition. 

In  making  the  calculations  we  can  conveniently  start  by  set- 
ting down  or  determining  the  first  five  columns,  after  which  we 
develop  the  table  line  by  line.  Thus,  in  the  fourth  line  we  deter- 
mine /i  and  c?i,  by  obvious  modifications  of  equations  15  and  16, 
allowing  for  power  being  applied  when  the  speed  is  0.54.  Thus, 
we  arrive  at  d^  =  .29,  q^  =  1.345.  Subtracting  .29  from  the 
total  distance  1.505,  we  get  1.215.  Adding  this  to  the  reading 
(.07)  of  distance  at  g  =  1.345  on  curve  4.42,  Plate  II.,  we  get 
1.285,  which  on  this  curve  corresponds  to  speed  q^  =  2.07, 
whence  t^  from  equation  18.  Passing  now  to  curve  2.435  at 
q  =  2.07,  we  get  distance  reading  2.26,  to  which  to  add  3.345, 
the  distance  on  this  grade,  giving  5.605,  corresponding  to  speed 
reading  q^  =  2.285,  whence  t^  from  equation  18,  and  so  on  to  the 
end  of  the  table.  The  braking  point  in  the  last  line  has  to  be 
determined  by  trial  so  as  to  bring  the  train  to  rest  at  the  required 
place.  The  columns  of  time,  distance  and  energy  are  summed 
and  converted  into  familiar  units.  The  spfeed  of  striking  or 
leaving  a  grade  can  be  got  by  multiplying  q^  or  g,  by  18.6,  m.p.h. 
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whilst  at  any  intermediate  point  the  corresponding  value  of  q  is 
got  from  Plate  II.,  so  that  complete  curves  of  speed-time  or 
speed-distance  could  easily  be  plotted.  Variablp  friction  might 
be  taken  account  of  by  dividing  the  variation  into  definite  steps 
and  treating  the  several  steps  just  as  different  grades  are  treated. 

XV. — Conclusion. 

The  method  developed  above  is  flexible  enough  to  take  ar- 
coimt  of  all  the  vital  circumstances  of  a  problem,  whilst  it  is  free 
from  the  possible  cumulative  errors  of  a  point-to-point  method, 
and  introduces  no  inaccuracy  in  any  way  comparable  with  that 
due  to  the  uncertainty  of  conditions.  Ths  test  curves  form  the 
basis  of  this,  just  as  much  as  of  the  more  obvious  methods,  thj 
constants  pertaining  to  any  equipment  being  derived  directly 
fiom  these  curves.  We  may  note  that  the  result  of  a  calculation 
for' an  extended  run,  such  as  is  given  at  the  end  of  the  last  section, 
may  be  more  accurate  than  the  speed-time  and  speed-distance 
curves  employed  in  deriving  it.  A  little  consideration  will  show 
that  an  error  of  interpolation  on  one  grade  will  affect  the  time  on 
succeeding  grades  in  just  the  opposite  manner  to  that  on  the 
grade  where  the  erroi  is  made,  and  the  total  error  from  this  cause 
is  exceedingly  small. 

In  such  examples  as  arc  worked  out  in  the  last  section,  it  '^s  in 
no  wise  a  complication  to  introduce  actual  conditions  so  fa.  as 
they  are  known.  In  many  average  cases,  however,  actual  con- 
ditions may  not  be  determinable  with  any  degree  of  accuracy, 
or  the  importance  of  the  results  may  not  be  such  as  to  warrant 
the  labor  of  minute  calculation,  if  it  can  be  dispensed  with.  If  it 
were  not  that  the  paper  is  already  unduly  long,  we  might  develo^* 
a  system  of  simple  working  curves,  based  on  average  conaitions, 
which  would  be  sufficiently  accurate  for  the  purpose  in  view, 
though  they  must  necessarily  make  some  sacrifices  in  the  interests 
of  facility. 

In  conclusion,  I  wish  to  express  my  indebtedness  to  the 
General  Electric  Company  for  its  permission  to  make  use  of 
the  curves  of  some  of  its  motors  in  the  examples  worke-j  out  to 
illustrate  the  method  of  the  paper. 

Appendix. 
On  Variable  Train  Resistance. 

So  long  as  speeds  are  low,  the  variation  in  train  resistance  with 
change  of  speed  is  hardly  worth  considering,  especially  as  the 
value  of  this  resistance  is  not  usually  known  with  any  degree  of 
accuracy,     ^ut  as  the  speed  increases  the  variation  of  resistance 
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with  speed  becomes  considerable,  and  must  be  taken  into  ac- 
count. As  indicated  in  Sec.  XIV.  (k)  we  can  ao  this  by  dividing 
the  variation  into  suitable  steps,  over  each  of  which  we  assume  a 
constant  mean  resistance,  and  treat  the  several  steps  as  we 
should  so  many  different  grades.  This  is  probably  the  easiest 
way  of  treating  a  single  isolated  problem.  But  where  we  have 
a  good  deal  of  work  to  do  on  a  particular  train  and  equipment, 
c!ie  better  plan  is  to  combine  the  train  resistance,  or  the  variable 
portion  of  it,  with  the  motor  curve,  and  fo  derive  a  fictitious 
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Fig.  9. 

motor  curve,  with  which  we  use  a  fictitious  constant  train  resist- 
ance. These  fictitious  curves  will  lead  to  the  same  results  as  the 
actual  motor  curve  and  actual  variable  train  resistance. 

Fig.  9  shows,  in  full  lines,  a  motor  curve  and  resistance  per 
motor  foY  a  particular  equipment,  whilst  in  broken  lines  is  shown 
a  derived  fictitious  motor  curve,  to  be  used  with  the  constant 
train  resistance  also  shown.     The  effect  of  grade  can  be  added 
to  this,  just  as  if  it  were  the  real  friction,  since  the  resistance  due 
to  grade  is  independent  of  speed. 
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[Discussion  on  Paper  by  F.  W.  Carter.] 

Mr.  C.  O.  Mailloux: — This  paper  is  not  so  abstruse  as  it 
looks.  The  equations  appear  somewhat  formidable  and  imposing 
but  in  reality  they  present  no  great  difficulty.  The  method  is 
assumed  to  be  an  analytical  method,  but  there  are  some  state- 
ments, on  the  first  page,  in  reference  to  the  *'  graphical  "  or  the 
point-to-point  method  of  construction,  which  make  it  desirable 
that  I  should  begin  the  discussion  by  considering  the  point-to- 
point  method.  At  the  last  annual  meeting  I  read  a  paper  entit- 
led, **  Some  Notes  on  the  Plotting  of  Speed-Time  Curves,"  in 
which  I  described  a  graphical  point-to-point  method.  I  had 
intended  to  present,  this  year,  at  this  meeting,  another  paper, 
giving  an  analytical  method,  which  was  hinted  at  in  the  discus- 
sion at  Great  Barrington  (see  A.I.E.E.  Transactions,  Vol.  XIX. » 
p.  1018),  but  lack  of  time  prevented  me  from  doing  so. 

I  want  to  say  something  in  support  of  the  point-to-point 
method  presented  in  my  paper.  It  is  a  method  which  involves 
no  assumptions  except  that  the  rate  of  retardation  is  assumed 
constant  in  braking.  We  still  have  to  make  that  assumption 
because  we  have  no  very  definite  knowledge  as  to  the  nature  of 
the  braking  curve;  but  with  that  exception  the  method  is  inde- 
pendent of  any  assumptions.  All  the  data  necessary  for  use 
with  this  method  can  be  obtained  from  motor  tests  and  from 
experiments;  and  once  the  fundamental  curves,  which  I  showed 
on  the  **  chart  of  coefficients,"  (Fig.  9  of  my  paper)  have  been 
plotted,  it  is  possible  to  plot  the  speed-time  curves  for  any  set  of 
conditions  whatever,  with  any  desired  degree  of  accuracy,  and 
with  little  difficulty. 

Mr.  Carter's  method,  as  presented,  cannot  presume  to  be  more 
than  a  method  of  approximation,  and  consequently  it  does  not 
altogether  supplant  or  replace  the  methods  described  in  my 
paper. 

Singularly  enough,  the  author,  himself  comes  rather  close,  in 
some  details,  to  my  method;  for  his  Fig.  9,  on  the  last  page  of  the 
paper,  is  substantially  identical  with  Fig.  9  of  my  paper:  The 
solid-line  curve  in  Fig.  9,  is  one  which  gives  gross  tractive  efforts 
as  a  function  of  the  speed.  The  author  uses  the  ordinates  for 
tractive  efforts  per  motor,  in  pounds.  The  abscissae  indicate 
speeds.  In  my  paper,  I  also  use  abscissae  for  speeds,  and  I  use 
the  same  ordinate  values,  but  they  are  plotted  according  to  a 
different  scale.  I  call  them  acceleration-coetricients  (see  curve 
A/,  Fig.  9,  in  A.I.E.E.  Transactions,  Vol.  XIX,,  p.  926;  curves 
M.  N.  R.  in  Fig.  9a,  are  reproduced  from  Fig  9  of  my  paper; 
Now,  the  acoeleration-coelTi  .ien«  13  li  is  easily  ahown,  nothing 
more  than  the  tractive  effort  multiplied  by  a  reduction  factor, 
which  we  know  to  be  91.1.  This  factor  (which  we  may  h«re  call 
F),  includes  the  coefTicients  necessary  to  cliange  weights  from 
pounds  into  tons,  to  convert  speeds  from  feet  per  second  into 
miles  per  hour,  and  to  take  into  consideration  the  gravity  value 
or  measure  of  acceleration ;  thus. 
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Consequently,  if,  without  changing  the  curve,  we  change  the 
scale  in  the  ratio  of  91 . 1  to  1,  in  either  of  the  two  curves,  they 
become  identical  in  mathematical  character.  They  both  have 
the  same  meaning;  that  is  to  say,  the  solid-line  curve  in  Fig.  9  of 
this  paper  has  precisely  the  same  significance  as  curve  M  in  Fig. 
9  of  my  paper  (see  Fig.  9a).  They  both  express  the  force  which 
is  available,  per  motor,  for  producing  acceleration.  What  is 
still  more  remarkable  is  that  the  soHd-Hne  curve  at  the  bottom  of 
Fig.  9  of  this  paper,  is  identical  with  the  curve  R  in  Fig.  9  of  my 
paper.  It  is  the  curve  of  train  resistance  expressed  in  terms  of 
equivalent  acceleration.  The  dotted-line  curve  which  is  the 
curve  of  net  acceleration  factors  is  also  exactly  the  same  as  the 
curve  .V  in  Fig.  9  in  my  paper.  (See  Fig.  9a).  Now,  all  that  is 
necessary  by  the  point-to-point  method  is  a  curve  of  that  kind 
(:V)  and  some  means  for  readily  determining  the  reciprocal 
values.  This  means  is  found  in  what  is  called,  in  my  paper,  the 
**  chart  of  reciprocals."  (Fig.  10  of  my  paper)  which  contains 
several  reciprocal  curves,  by  means  of  which  we  can  get  the 
relation  between  any  speed-value  and  the  corresponding  time- 
value.  Taking  (from  tlie  curve  N)  one  of  the  equivalent  accel- 
eration values  corresponding  to  a  given  speed,  we  transfer  it  to 
the  curves  that  will  give  its  reciprocal;  that  reciprocal,  for  a  cer- 
tain increment  of  speed,  will  be  the  corresponding  time-incre- 
ment, when  measured  by  a  suitable  time-scale. 

This  time-scale  depends  on  the  speed  increment  (J  v)  for  which 
the  time  increment  (J  /)  is  to  be  determined.  The  same  recip- 
rocal curve  could  be  made  to  serve  for  all  speed  increment::,  by 
suitably  changing  its  scale.  It  is  simpler,  in  practice,  to  use  a 
special  reciprocal  curve  for  each  different  speed  increment 
employed  in  determining  the  time  values.  The  chart  of  recip- 
rocals (Fig.  10  of  my  paper),  contains  a  total  of  nine  such  recip- 
rocal curves,  which  are  found  sufficient  for  all  speed-increments 
between  .01  and  10  m.p.h. 

A  method  was  recently  suggested  to  me  for  doing  this  by  Mr. 
L.  A.  Freudenberger,  instructor  in  physics  under  Dr.  Franklin,  at 
Lehij^h  University.  I  had  occasion  during  the  past  winter,  by 
the  kind  invitation  of  Dr.  Franklin  and  Professor  Esty,  to  delivei 
some  lectures  on  electric  train  movement  at  Lehigh  University, 
and  Mr.  Freudenberger,  who  attended  these  lectures,  indicated 
to  me  his  modification  of  my  method,  which  is  of  interest  in  this 
connection  because  it  is  a  kind  of  connecting  link  between  the 
point-to-point  method  and  analytical  methods  such  as  outlined 
jn  Mr.  Carter's  paper. 

In    my    paper,    starting    from    the   acceleration -coefficient 
(i  "• 
(  A?  =  -  *  ),  we  can  easily  deduce  the  fact  that  the  elemental  time 
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'^alue  (dt)  is  equivalent  to  the  reciprocal  (r)  of  that  accelera^ 

tion  coefficient,  multiplied  by  the  elemental  speed  (d  v),  or: 

dv  X  -r  -^  dt 
k 

(as  given  in  Appendix  C  of  my  paper;    see  Transactions,  Vol. 

XIX..  p.  986,  equations  d  and  e).     Now,  Mr.  Freudenberger 

plots,  on  the  same  diagram  with  the  curve  A^  (see  Fig.  9a),  the 

reciprocals  (rjof  the  equivalent  acceleration  values,  according 

to  the  equation  just  mentioned;  and  he  gets  a  curve  of  recip- 
rocals, A  (which  is  shown  in  Fig.  9a).  This  curve  would  have 
its  first  portion  exactly  parallel  to  the  axis  of  x  until  it  reaches 
the  point  6,  if  the  train  resistance  were  constant  at  all  speeds;  but, 
in  reality,  it  will  rise  slightly  as  shown  in  the  diagram  (Fig.  9a). 
From  the  point  6,  it  rapidly  changes  to  an  upward  course,  reach- 

d  v 
ing  infinity  at  the  speed-point  corresponding  to  -j—  =  0,  which 

in  the  case  represented  in  Fig.  9a  would  be  65.8  m.p.h. 
Now,  knowing  that  the  total  time  is,  of  course,  equal  to  the 
integral 

take^A  between  suitable  limits,  he  integrates  the  reciprocal  curve 
Ay  and  gets  a  curve  of  time  values  (C),  which  he  plots  according 
to  a  suitable  time-scale.  If  this  time-scale  is  placed  on  the  same 
axis  of  coordinates  as  the  **  ^  '*  values  (in  Fig.  9a),  then  the 
integral  curve  (Q  of  ^he  reciprocal  curve  A,  would  he  the  speed- 
time  cume  itself. 

In  using  this  method,  Mr.  Freudenberf^er  Irafisposes  the  coor- 
dinates of  the  c^rve  A''.  He  plots  this  curve  with  speeds  as 
ordinates  and  the  coefficients  (k)  as  abscissae,  as  shown  in  Fig.  96 
This  brings  the  time  values  along  the  axis  of  abscissae,  and,  con- 
sequently, leaves  the  speed-time  curve  in  a  more  natural  position 
than  is  the  case  in  Fig.  9a. 

The  main  objection  to  the  method  is  that  it  necessitates  too 
many  reciprocal  curves  (I).  Everv  time  that  there  is  a  change 
in  train  resistance,  or,  rather,  in  the  net  tractive  effort,  owing 
either  to  a  grade  or  to  a  curve,  then,  evidently,  the  curve  of  net 
acceleration  values  represented  by  the  dotted  line  in  Fig.  9,  alsc 
(Curve  A^  in  Fig.  9a)  changes. 

As  was  pointed  out  in  my  paper  (see  Vol.  XIX.,  p.  929).  the 
effect  is  the  same  as  if  the  axis  of  ordinates  were  moved  upward 
or  downward,  according  to  the  case. 

It  is,  therefore,  necessary,  for  each  change  in  condition,  to 
redraw  the  reciprocal  curve  A,  and  to  obtain  a  new  integral 
curve  (C)  from  this  new  reciprocal  curve.  While  one  could  draw 
a  set  of  curves  for  a  large  number  of  conditions,  yet,  as  we  have 
here  three  quantities,  namely,  gradients,  curves,  train  resistance 
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d-iy  one  of  which  may  have  an  indefinite  number  of  values  within 
TJ'ther  wide  limits,  and  as  the  same  process  would  be  repeated 
for  each  change  in  the  motors  or  in  the  train  load,  the  result  is 
that  it  would,  in  practice,  take  an  indefinitely  large  number  of 
curves  to  fit  varying  cases  and  conditions,  and  to  give  a  satisfac- 
tory approximation.  The  method  has,  therefore,  more  theoreti- 
cal interest  than  practical  utility. 

A  practical  difficulty  in  the  use  of  this  method  would  arise 
from  the  mathematical  circumstance  that  the  ordinates  of  the 
reciprocal  curve  A  approach  infinity  at  the  speed  values  at  which 
the  acceleration  coefficient  (Curve  A^,  Fig.  9a)  approaches  zero. 
It  will  be  readily  seen  that  this  complicates  the  process  of  plotting 
this  curve  and  of  integrating  its  area.  The  practical  effect  is  to 
increase  the  difficulty  of  determining  the  proper  time  values  for 
the  **  flatter  "  portions  of  the  speed-time  curves.  It  was  pre- 
cisely to  overcome  this  difficulty  that  several  reciprocal  curves 


Fig.  9a. 


are  given  in  the  Chart  of  Reciprocals  (Fig.  10  of  my  paper). 
These  different  curves  of  reciprocals  afford  means  whereby  the 
**  scale  "  can  be  changed  according  to  the  slope  of  the  speed-time 
curve,  or,  in  other  words,  according  to  the  value  of  the  accelera- 
tion-coefficient **  ky  It  is  obvious,  for  example,  that  the  por- 
tion (6'  —  r')  of  the  speed-time  curve  C,  whicii  is  drawn  in  dotted 
line  in  Figs.  9a  and  96  could  not  be  obtained  by  integrating  the 
reciprocal  curve  A,  according  to  Mr.  Freudenberger's  method, 
unless  this  curve  itself  were  extended  beyond  the  limits  shown  in 
the  diagram.  The  flatter  the  speed-time  curve  (C)  becomes,  the 
greater  will  be  the  extension  required  in  the  reciprocal  curve  (.4), 
whose  limiting  value  is  infinity,  as  already  pointed  out..  The 
coordinates  used  for  plotting  the  dotted  portion  (6'  —  c')  of  the 
curve  C,  in  Figs.  9a  and  96,  were  readilv  and  quickly  determined 
by  using  the  charts  of  Coefficients  and  of  Reciprocals,  as  de 
scribed  in  my  paper. 
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I  now  come  to  analytical  methods  such  as  outlined  in  the  paper. 
At  the  last  annual  meeting,  in  the  discussion  of  my  paper,  Mr. 
S.  T.  Dodd  pointed  out  the  importance  of  an  analytical  method, 
and  spoke  of  his  efforts  in  that  direction.  In  my  own  discussion 
I  stated  that  such  a  method  was  very  desirable  and  that  I  hoped 
to  find  one.  I  said  that  it  depended  simply  upon  our  finding  an 
analytical   or  empirical,  relation   between   speed   and   current^ 
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tractive  effort  and  current,  and  also  between  sj)ee(l  and  tracti\e 
effort  and  train  resistance.  Now,  Mr.  Freudenber^er  lias  made 
one  step  in  that  direction  to  which  I  now  wish  to  call  attention. 
Mr.  Freudenberger  pointed  out  to  me,  some  three  weeks  ago.  on 
the  occasion  of  one  of  my  lectures,  a  fact  of  which  I  was  not  then 
aware,  namely,  tliat  Prof.  Carus-Wilson  had  worked  out  a 
theoretical  or  rational  method,  by  means  of  wliich  the  curve  (.V) 
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of  equivalent  acceleration  (or  net  tractive  effort,  as  the  author 
of  the  paper  would  perhaps  call  it),  can  be  expressed  analytically 
with  a  greater  or  less  degree  of  approximation.  Instead  of  deter- 
mining the  curve  of  equivalent  accelerations  (.V),  by  reference  to 
the  data  obtained  from  tests  of  a  motor,  Mr.  Freudenberger  pro- 
posed to  determine  it  by  a  method  due  to  Prof.  Carus  Wilson,  and 
riven  in  his  book,  *'  Electro-Dynamics — ^The  Direct  Current 
Motor."     This  is  an  interesting  innovation. 

The  straight  portion  of  the  curve  (N),  it  may  be  stated,  corres- 
ponds to  that  portion  of  the  speed-time  curve  during  which  the 
acceleration  is  controlled  by  the  rheostat.  This  portion  of  the 
curve  is  generally  supposed  to  be  straight.  In  reaUty  it  is  not 
straight;  it  has  a  slight  downward  bend  (as  shown  in  Fig.  9a), 
owing  to  the  fact  that  the  train  resistance  is  not  constant.  The 
curve  of  gross  tractive  effort  (A/)  is  straight  (on  the  assumption, 
of  course,  that  the  rheostatic  control  is  such  as  to  keep  the 
current  constant),  but  the  net  curve  (/V)  has  a  slight  droop. 

As  a  matter  of  fact,  with  motor  controllers  having  a  limited 
number  of  steps,  each  step  of  the  motor  controller  causes  a 
variation  of  current  and  a  slight  **  hump  '*  in  this  portion  of  the 
curve.     (See  Vol.  XIX.,  p.  966,  last  paragraph.) 

The  aim  of  an  analytical  method,  as  is  properly  stated  in  the 
paper,  is  to  do  away  with  plotting  altogether,  and  still  to  be  able 
to  obtain  accurate  results — not  merely  approximations — under 
all  conditions.  I  think  the  author  would  admit  that  the  mxcthod 
as  here  given,  is  not  susceptible  of  quite  that  accuracy.  The 
method  has  apparently  not  been  subjected  to  very  extensive  or 
severe  practical  tests.  The  illustrations  given  are  really  quite 
simple,  not  to  say  elementary,  cases  of  speed-time  curve  plotting, 
and  many  of  the  real  difficulties  are  to  be  overcome  in  intro- 
ducing and  using  an  analytical  method  are  not  considered,  being 
apparently  wholly  unperceived  by  the  author.  The  method, 
however,  deserves  commendation  as  being  a  valuable  step  in  the 
direction  in  which  we  must  look  for  the  complete  solution  of  the 
problem. 

What  is  wanted  is  a  method  by  means  of  which  one  can  deal 
with  not  only  simple  and  abstract,  hypothetical,  cases  and  con- 
ditions, but  with  specific,  practical,  cases  and  conditions  of  all 
kinds,  especially  those  involving  complications,  such  as  curves 
occurring  in  the  middle  of  a  run,  necessitating  reductions  of 
s;)ced  and  repeated  acceleration  in  the  middle  of  the  run — cases, 
f  jr  instance,  such  as  shown  in  Fig.  13  of  my  paper  (see  Vol.  XIX., 
p.  946).  It  is,  perliaps,  well  to  point  out  that  for  such  cases — and 
otliers  still  more  complicated — the  method  under  discussion 
would  be  wholly  inadequate,  whereas  the  point-to-point  method, 
or  the  "  interpolation  "  metliod  described  in  niy  j^per  is  entirely 
adequate. 

The  analytical  method,  to  sum  it  up  in  a  few  words,  requires 
simply  an  equation  that  will  enable  us  to  connect  the  time-values 
with  the  speed-values.  If  we  have  that,  the  rest  is  a  mere  matter 
of  n^athematical  manipulation. 
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Now,  the  general  equation  itself  is  a  simple  one  to  establish'.  I 
worked  it  out  several  years  ago,  and  have  been  hoping  to  find  a 
method  of  introducing  the  functional-coeflfic:  nts,  so  as  to  be 
able  to  use  it  practically.  We  start  from  that  same  equation 
which  jve  have  already  derived,  which  gives  us  /.  If  we  express 
speeds  (v)  in  miles  per  hour  and  weights  in  tons  of  2000  lbs.,  and 
take  g  =  32.2,  and  so  on,  as  before,  we  can  easily  reduce  this  to 
this  well-known  form : 

V" 


=»'■>/ 


P 


where  v  =  m.p.h. 

p  ==  net  tractive  effort  in  lbs.  per  ton  of  2000  lbs. 
If,  however,  we  wish  to  express  it  in  terms  of  the  difference 
between  the  gross  and  the  net  tractive  effort,  the  equation  takes 
this  form: 


/  =  91.1 


P  ±G-f-C  ±  R 


In  the  denominator  we  have  the  total  (gross)  tractive  effort  (P) 
plus  or  minus  grade  effect  (6"),  (the  sign  depending  upon  whether 
the  grade  is  '*  np  "  or  ''  dawn  "),  minus  train  resistance  effort  (/), 
minus  the  curve  resistance  (C).  We  might  add  anothe  rf actor 
{/<),  with  plus  or  minus  sign,  which  would  indicate  the  rotative 
kinetic  energy  of  the  train.  Now,  the  integral  of  that  equation 
would  give  us  the  formula  connecting  /,  with  r,  in  any  case.  The 
general  equation  might  be  written  thus: 

..  dv 

(hv-{mv  ±G  ±k-c 

The  first  term  in  the  denominator,  the  "  /c  *'  function  of  the 
speed,  is  nothing  more  than  the  equation  of  the  curve  of  gross 
tractive  effort  which  is  given  in  Fig.  9  of  the  present  paper,  and 
also  of  my  paper  (see  Fig.  9a).  The  "  >^  "  function  of  the  speed 
is  tl:e  equation  of  the  curve  of  train  resistance.  The  grade  effect 
(7),  the  curve  effect  (C),  the  rotative  and  kinetic  energy  R,  are 
easily  and  perfectly  determinable  under  all  conditions.  As  this 
equation  shows,  we  need  only  two  things  to  be  able  to  predeter- 
niine  speed-time  curves.  We  need  equations  for  the  k  and  X 
*'  functions  "  of  the  speed,  of  form  such  that  they  can  be  "sub- 
stituted "  in  the  general  equation.  Now,  Mr.  Carter  gets  one 
of  them  by  using  a  hyperbolic  fonnula  to  connect  sj)eed  and 
tractive  effort.  In  other  words,  he  finds  that  the  speed-tractive 
e:fort  curve  is  of  hyperbolic  type.  Unfortunately,  he  has  made 
rertain  assumptions  by  which  he  sacrifices  precision  to  attain 
s'.  iphcity.  Prof.  Cams  Wilson's  method  possibly  furnishes  a 
more  satisfactor\^  formula  for  the  **  *  "  function.     I  myself  strove 
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to  find  an  equation  connecting  the  two  variables  together;  but 
I  looked  a  little  further,  for  I  wanted  a  method  of  precision, 
and  not  merely  one  of  approximation.  It  is  proper  to 
point  out  here  that  it  is  not  enough  to  have  the  speed-time 
curve.  As  shown  in  my  paper,  the  speed-time  curve  is 
only  a  steppine-stone  to  the  curves  which  are  really  ot 
interest  and  utility — the  subsidiary  curves,  such  as  the  curves 
of  electric  current  and  electric  power  input  and  their  integral 
curves,  which  tell  us  much  that  we  want  to  know.  Conse- 
quently, it  is  not  enough  to  have  a  means  of  plotting  speed- 
time  curves.  We  want  more  than  a  means  of  readily  plotting 
the  subsidiary  curves — we  want  a  means  of  obviating  the  plottii  g 
of  them,  and  of  obtaining,  nevertheless,  the  results  which  they 
would  give  us  and  which  we  now  have  to  obtain  by  plotting  them 
and  laboriously  integrating  them  by  mechanical  methods. 
Hence,  it  is  necessary  and  desirable  that  we  should  find  not  onl}r 
the  curve  which  connects  speed  with  current,  but  also  the  curve 
which  connects  tractive  effort  with  the  current  and  also  with 
the  speed.  Looking  at  the  speed-current  and  the  tractive-effort 
current  curves,  one  would  at  once  recognize  the  first  as  belongings 
to  the  hyperbolic  family  and  the  other  to  the  parabolic  family. 
It  is  in  that  direction  I  have  worked,  but  I  have  tried  to  do  it  by 
one  type  of  equation  that  would  fit  all  cases.  Here  are  two 
equations  of  x^  functions:  y  ^  b  :^  ±  a:  y  ^  b  {x±a)  .  The 
remarkable  mathematical  peculiarity  of  that  function  is  thiit 
when  n  has  the  negative  sign,  we  have  hyperbolas,  and  when  n 
has  the  positive  sign,  we  have  parabolas  there  being  an  endlvss 
number  of  each,  corresponding  to  the  endless  series  of  n  values 
between  +  0C  and  -  oc .  The  effect  of  a  is  merely  to  shift  the  axss  of 
coordinates.  In  the  first  equation  a  serves  to  shift  the  axis  of 
y:  in  the  second,  it  serves  to  shift  the  axis  of  x.  The  sign  is  -f  or 
—  according  to  the  direction  in  which  the  a. vis  is  shifted.  The 
effect  of  b  {i.e.,  of  variation  in  b),  is  merely  to  change  the  scale  of 
ordinates.  When  the  scale  is  the  same  as  for  abscissre,  we  have 
6=1,  and  the  equation  becomes  simplified  in  form.  It  can  be 
shown,  mathematically,  that  only  one  coefficient  (b)  and  only  one 
constant  (a)  need  enter  into  that  equation  to  enable  us  to  express 
with  a  fair  degree  of  accuracy  any  single  branch  curve  of  the 
hyperbolic  and  of  the  parabolic  type. 

AH  that  is  necessary,  therefore,  is  to  find  out  whether  the 
si^n  of  a  is  positive  or  negative  for  these  cases,  and  to  determine 
the  most  suitable  values  of  b  and  a.  I  find  that  this  can  be  done 
with  relative  facility.  I  have  tried  it  in  tlie  case  of  the  speed- 
current  and  tractive-effort  current  curves  of  a.  G  E  65  and  of  a 
G  E  55  motor,  and  I  find  tliat  the  empirical  curves,  that  is  to  say, 
the  curves  derived  by  an  empirical  equation  of  this  "  x''  "  type, 
are  so  close  to  the  orii.(inal  curves  that  unless  the  scale  is  ver^'' 
lar^e.  the  two  curves  will  coincide  fairly  well. 

The  empirical  formula  takes  the  form 
y  =  b  (.V  -  (j)" 
U  r  the  rjrve  of  tractive  elTort.  r.Tid 
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for  the  curve  of  speeds,  when  x  =  current,  in  amperes  (in  both 
cases).  With  the  ordinary  scale  on  which  these  curves  are 
plotted  in  the  data  sheets  issued  by  the  manufacturing  com- 
panies, one  would  hardly  see  the  difference  between  the  *'  actual  " 
and  the  "  empirical  "  curves. 

I  want  to  point  out  that  the  effect  of  6,  as  it  enters  here, 
depends  mainly  upon  the  gearing  rati  j  and  the  voltage  It  sim- 
ply has  the  effect  of  moving  the  curves  (that  is,  their  ordinates) 
up  or  down,  in  exactly  the  same  way  as  is  done  by  a  change  in 
voltage  or  in  gear  ratio.  I  have  not  yet  fully  determined  the 
effect  of  a.  It  has  apparently  some  relation  to  the  amount  of 
current  required  to  produce  the  **  friction  torque,"  and  possibly 
also  to  the  resistance  of  the  motor  and  other  things  like  that. 

The  formula  of  Mr.  Carter  for  the  speed-current  curve  is  quite 
as  satisfactory  as  one  of  the  x"  form,  and  may  even  have  some 
advantages  over  it.  His  formula  for  the  tractive  effort  curve, 
however,  presumes  or  assumes  a  straight  line  relation,  and,  con- 
sequently, it  is  tmsatisfactory  for  any  method  except  one  of 
approximation. 

The  train  resistance  itself  (our  **  >l  "  fimction),  after  it  has  been 
•determined  by  a  rational  formula  (of  form  which  need  not  be  dis- 
cussed now)  can  be  expressed  quite  closely,  for  any  given  case,  by 
an  empirical  equation  of  this  (^")  type. 

Mr  Carter  finds  it  desirable,  in  order  to  simplify  his  method,  to 
assume  that  the  train  resistance  is  either  constant,  or  e^se,  may 
be  treated  as  if  it  were  sub-divided  into  graded  steps.  These 
assumptions  are,  of  course,  inadmissible  in  a  method  of  precision. 

If  we  are  able  to  express  the  three  principal  variables,  speed, 
torque,  train  resistance,  by  equations  of  the  same  type,  we  can 
easily  find,  by  an  equation  of  similar  type,  the  other  relations, 
such  as,  for  instance,  the  relation  between  torque  and  speed, 
which  is  our  **  «  "  function  (Curve  M).  This  function  can  be 
expressed  by  a  formula  of  the  form 

^  b_ 

y         ^n 

The  rest  is  nothing  but  a  matter  of  relatively  simple  mathematical 
manipulation.  It  will  then  be  possible  to  calculate  the  data  for 
the  speed-time  curve,  also  the  current  and  power  input  curves, 
and  to  obtain  from  them,  by  analytical  integration,  the  distance- 
time  curve,  the  energy  input  curve,  and  various  other  important 
subsidiary  curves  We  will  thus  obtain  the  energy  value  corres- 
ponding to  a  given  acceleration  cycle,  and  to  any  sets  of  such 
<;ycies  constituting  a  **  service  run."  It  is  also  evident  that  we 
can  then  introduce  changes  of  grade,  of  curvature,  train  resist- 
ance, etc.,  and,  in  a  word,  take  into  account  all  the  possible  con- 
ditions and  modifications.  One  can  then  play  all  the  changes 
•desired  upon  the  "  theme,"  and  still  have  absolutely  correct  and 
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determinate  results,  without  any  approximations.  A  complete 
analytical  method  will,  when  it  has  been  developed,  enable  us  to 
do  all  this.  Mr.  Carter  desei  ves  much  credit  for  having  prepared 
and  presented  this  paper,  which  shows  important  progress  in  the 
right  direction  and  contains  many  useful  suggestions,  in  addition 
to  being,  even  in  its  present  form,  useful  for  making  preliminary, 
approximative  calculations. 


[Communicated  after  Adjournment  by  Mr.  C.  O.  Mailloux.] 

The  method  of  Mr.  L.  A.  Freudenberger  referred  to  in  my 
discussion  of  Mr.  Carter's  paper,  has  since  been  made  public  by  its 
author  in  two  articles  printed  in  the  Electrical  World  and  En- 
gineer. The  first  article,  entitled,  **  Plotting  of  Speed-Time 
Curve  from  the  Acceleration-Speed  Curve,"  and  published  in  the 
issue  of  July  18th  (Volume  XLIL,  pp.  96-97).  The  general 
description  of  the  method  given  in  this  article  is  substantially  as 
given  in  my  discussion.  The  second  article,  entitled,  "  Plotting 
of  Speed-Time  and  Speed-Distance  Curves  from  the  Acceleration- 
Speed  Curve,"  and  published  in  the  issue  of  August  9,  1903  (Vol- 
ume XVII.,  pp.  2191-221),  is  a  continuation  of  the  first  communi- 
cation. This  second  article  contains  some  interesting  extensions 
and  developments  of  the  method  and  gives  a  practical  example 
illustrating  the  application  and  use  of  the  method  in  plotting  one 
of  the  same  Run  Curves  which  was  used  by  me  as  an  illustration 
in  my  paper  ("  Notes  on  the  Plotting  of  Speed-Time  Curves  "). 

The  particular  run  selected  by  the  author  as  a  practical  illus- 
tration of  the  use  of  his  method  is  that  described  as  "  Service  Run 
No.  7,"  illustrated  in  Fig.  12  of  my  paper,  and  described  in 
Volume  XIX.,  on  pp.  1079-1088.  The  reader  who  is  interested 
in  doing  so  is  thus  enabled  to  make  a  comparison  between  the 
two  methods,  when  both  are  applied  to  the  same  case. 

The  extensions  of  the  method  mentioned  in  Mr.  Freuden- 
berger's  second  article  only  partly  remove  the  objections  to  the 
method,  as  stated  in  my  discussion.  The  modified  method 
requires  the  construction  of  two  accessory  curves — one  giving 
the  values  v/a  as  a  function  of  the  speed,  and  the  other  the  dis- 
tance values  as  a  function  of  the  time. 

The  writer  finds  by  experiment  that  the  modified  method  does 
not  shorten  or  simplify  the  process  of  plotting  a  given  Run  Curve, 
as  compared  with  the  "  chart  "  method  described  in  my  paper, 
and  it  is,  of  course,  much  more  laborious  than  the  **  Interpola- 
tion "  method,  also  described  in  my  paper.  The  method  may^ 
however,  be  of  utility  in  some  cases. 


.4  paper  presented  at  Uu  20th  Annttal  Cmneuttoit  aj 
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INTERURBAN  CAR  TESTS. 

BY  W.  E.  GOLDSBOROUGH  AND  P.  E.  FANSLER. 


Introductory  Statement. — The  car  tests  which  form  the 
subject  of  this  paper  were  made  on  the  cars  of  the  Union  Traction 
Company  of  Indiana.  It  would  not  be  fair  to  say  that  the  suc- 
cess of  the  tests  has  been  due  to  any  one  group  of  individuals, 
as  a  relatively  large  number  of  experimenters  have  generously 
contributed  to  the  work.  The  great  interest  taken  in  intcrurban 
practice  by  George  F.  McCuUough,  President  of  the  Company, 
made  the  test  possible.  A.  S.  Richie,  Electrical  Engineer, 
Charles  A.  Baldwin,  Supt.  of  Transportation,  and  John  Matson, 
Master  Mechanic,  put  themselves  to  great  inconvenience  to 
render  every  assistance. 

Charles.  F.  Scott,  Clarence  Renshaw  and  B.  B.  Abry,  of 
the  Westinghouse  Company  are  largely  responsible  for  the  ex- 
cellent outcome  of  the  special  tests.  Mr.  Renshaw  took  a  lead- 
ing part  in  this  work  and  has  contributed  a  valuable  article  on 
the  special  car  tests  to  the  Street  Railway  Journal  of  October  4, 
1902.  In  connection  with  the  work  of  calibrating  instruments, 
preparing  for  the  tests,  making  records  and  working  up  results, 
Messrs.  Dostal,  Zapp,  Peticolas,  Hoft,  Hollingsworth,  Dinsmore, 
Smith,  Starkey  and  Weaver,  senior  students  in  electrical  engin- 
eering at  Purdue  University  worked  hard  and  well.  In  the 
preparation  of  this  paper  the  results  obtained  by  the  various 
experimenters  have  been  drawn  on  indiscriminately. 

Introduction. 

There  are  many  factors  in  the  problem  of  interurban  electric 

transportation   which   have   as   yet   received   very   inadequate 

attention.     As  in  all  new  branches  of  engineering  the  first  thing 

sought  is  successful  operation.     The  economies  follow  in  good 
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time.  Although  we  are  but  entering  upon  the  era  of  interurban 
electric  traction,  properties  of  this  nature  have  come  into  being 
so  rapidly  that  by  their  very  weight  in  numbers  they  have  at- 
tained to  great  perfection  in  detail  on  account  of  the  enormous 
concentration  of  engineering  skill  that  has  been  brought  to  bear 
on  them.  This  accounts  for  the  fact  that  we  are  already  aiming 
at  the  ultimate  economies,  and  the  report  of  which  this  paper  is 
the  subject  is  but  one  of  many  efforts  in  this  direction. 


Map  of  the  Union  Traction  Company's  System. 

The  Union  Traction  Company  of  Indiana  operates  a  system 
'extending  over  five  counties  and  connecting  the  principal  towns 
between  the  cities  of  Indianapolis,  Anderson,  Muncie  and 
Marion.  The  system  as  it  stands  to-day  is  a  fine  example  of 
electric  railway  engineering  and  is  generally  admitted  to  have 
been  developed  along  very  fine  lines.  At  the  time  of  the  tests 
the  company  was  operating  more  than  160  miles  of  track,  110 
miles  of  which  was  interurban,  the  remainder  local. 
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The  tests  were  made  on  the  intenirban  lines  between  Indian- 
apolis and  Mtincie  at  various  times  during  the  springs  of  1902 
and  1903,  although  the  greater  portion  of  the  data  was  recorded 
in  connection  with  the  general  test  of  the  system  which  occurred 
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April  17,  18  and  19,  1902,  and  at  the  time  of  the  special  inter- 
urban  car  tests  which  occurred  between  March  20th  and  March 
29th,  1902. 

The  country  between  Indianapolis  and  Muncie  has  a  general 
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appearance  of  being  level.  It  is,  however,  quite  rolling  in  part 
and  there  are  few  good  level  stretches.  The  interurban  road 
bed  is  accordingly  subject  to  frequent  variations  in  grade  and 
contains  numerous  curves.  The  grades  as  a  rule  do  .not  run 
above  2  per  cent.  There  are  a  few  that  run  as  high  as  3  per  cent, 
but  they  are  relatively  short.  The  roadbed  is  well  constructed, 
the  track  being  made  solid  with  good  balasting.  Seventy-pound 
rails  are  used 


Eha. 
Ntwa. 

-i._»_  Lt-J 

Standard  Pole  Line  Construction  of  the  Union  Traction  Co.  of  Indiana. 

From  Indianapolis  the  line  passes  on  through  Ingalls,  and 
Lawrence  to  Anderson  and  from  Anderson  through  Daleville 
to  Muncie.  In  Table  III.  the  intermediate  points  are  given 
together  with  the  distances  between  same. 

The  interurban  trains  are  of  two  kinds,  those  known  as  local 
trains  and  those  known  as  through  or  limited  trains.     The  first 
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stop  at  all  towns  and  at  frequent  intermediate  points  or  for  flag 
stations;  the  rule  being  that  the  local  trains  will  stop  to  pick  up 
passengers  at  any  point  where  a  county  road  crosses  the  inter- 
urban  track.  The  limited  cars  work  on  a  through  schedule 
between  Indianapolis  and  Muncie,  stopping  only  at  Anderson. 

The  trains  are  controlled  through  a  very  well  developed  train 
dispatching  system.  All  the  motormen  receive  their  instruc- 
tions from  and  report  to  the  train  dispatcher  at  frequent  tele- 
phone connection  boxes  along  the  track.  To  put  himself  in 
commimication  with  the  train  dispatcher  it  is  only  necessary  for 
the  motorman  to  insert  his  telephone  plug  into  the  connections 
of  the  telephone  box  without  leaving  his  car,  as  each  car  is 
equipped  with  a  telephone  set.  The  train  schedule  is  carefully 
worked  up  and  all  cars  are  required  to  run  exactly  on  time. 

Power  is  delivered  at  550  volts  to  the  interurban  trains  on  the 
Indianapolis-Muncie  Division  from  substations  located  at 
Lawrence,  Ingalls,  Anderson,  Daleville  and  Muncie.  The  main 
power  station  is  located  at  Anderson,  and  supplies  energy  over 
a  high-tension,  three-phase  transmission  system  to  rotaries  in 
the  various  substations. 

The  cars  used  on  the  Indianapolis-Muncie  Division  are  all  of 
the  same  type.  They  are  52  feet  6  inches  over  all  and  weigh 
63,100  pounds.  The  motive  power  equipment  of  these  cars 
consists  of  two  number  50  C  motors,  which  are  mounted  on  the 
forward  truck  and  are  nominally  rated  at  150  h.p.  each.  The 
motors  are  geared  with  the  ratio  of  20  to  51  and  are  geared  to 
36  inch  wheels.  Records  were  obtained  from  10  cars  of  this 
type  and  also  from  two  other  cars  differently  equipped.  As  the 
latter  were  only  used  in  the  special  tests  they  have  no  bearing 
on  the  general  tests  made  on  April  17th,  18th  and  19th. 
General  Car  Tests. 

In  making  preparations  for  the  general  tests,  the  first  thing 
necessary  was  to  secure  sufficient  ammeters  and  voltmeters,  and 
recording  wattmeters  of  the  railway-car  type.  Finally  the 
details  were  arranged,  and  at  the  time  of  the  test  each  car  was 
fitted  with  a  Thompson  recording  car  wattmeter  and  also  with  a 
Westinghouse  ammeter  and  voltmeter.  The  instruments  were 
placed  on  the  left-hand  wall  of  the  motorman 's  vestibule  and 
hence  were  very  easily  accessible  for  reading.  The  wattmeters 
were  all  calibrated  in  position  on  th.e  cars  by  the  following 
method:  A  voltmeter  and  ammeter  previously  standardized 
were  used  to  calibrate  the  Westinghouse  voltmeters  all  connected 
in  parallel  and  the  Westinghouse  ammeters  all  connected  in 
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series.  The  ammeters  and  voltmeters  were  then  placed  on  the 
cars  and  used  in  calibrating  the  car  wattmeters. 

Between  Muncie  and  Indianapolis  the  different  cars  were 
taken  in  turn  by  two  observers  and  readings  of  the  voltmeter  and 
ammeter  were  recorded  as  rapidly  as  possible  between  stops. 
Simultaneously  with  these  readings,  readings  were  taken  of  the 
time  and  of  the  rate  of  rotation  of  the  wattmeter  disk.  From 
the  data  thus  accumulated  the  wattmeter  constants  were 
checked. 

The  objects  of  the  general  tests  on  the  intenirban  and  limited 
cars  were : 

First. — To  determine  in  detail  the  k.w.  hour  consumption  of 
individual  cars,  both  local  and  limited,  between  stated  points, 
en  route  from  Muncie  to  Indianapolis  and  vice  versa. 

S^ondly. — To  average  these  results  and  to  determine  as  well  the 
maximum  and  minimum  k.w.  hour  consumption  over  the  route. 

Thirdly. — To  ascertain  in  so  far  as  possible  the  general  effect  of 
starts  and  the  personality  of  the  motormen  as  factors  in  car  con- 
sumption economy. 

In  accumulating  data  f9r  these  purposes,  an  observer  was 
placed  on  each  of  the  intenirban  cars  operating  between  Indian- 
apolis and  Muncie  throughout  the  three  days  of  the  general  test. 
These  observers  were  instructed  to  take  wattmeter  readings  at  all 
stops,  at  all  circuit-breakers  and  to  read  both  ammeter  and  volt- 
meter at  intervals  of  every  fifteen  minutes. 

The  results  of  their  work  on  April  17th  is  shown  in  part  in  the 
curves  of  Fig.  1,  2,  3  and  4;  and  in  Table  I.  is  given  the  record  of 
all  of  the  trains  operated  east  and  west  on  this  day.  The  curves 
of  Fig.  1  are  interesting  from  the  fact  that  they  show  the  pro- 
gressive increase  in  the  energy  consumption  of  the  cars  quite  per- 
fectly. It  is  noticed  in  general  that  while  operating  within  the 
city  of  Indianapolis,  the  consumption  per  mile  is  greater 
than  where  the  cars  are  running  through  the  country.  An  in- 
crease in  the  slant  of  the  consumption  curves  is  also  noticeable 
when  the  cars  are  running  through  Muncie  at  the  end  of  the  trip, 
but  is  not  so  pronounced  as  in  Indianapolis.  The  cycle  of 
events  can  be  followed  quite  accurately  in  the  case  of  most  of  the 
cars;  for  instance,  taking  train  number  13  which  consists  of  car 
number  254,  we  find  that  until  it  reaches  siding  27,  which  is  at 
the  limits  of  Indianapolis,  the  rate  at  which  energy  is  consumed  is 
quite  high;  after  leaving  siding  27  the  rate  of  consumption  falls 
off  somewhat,  but  increases  again  between  sidings  25  and  24. 
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TABLE  I. 
Consumption  per  Car.    East  and  Wbst. 


EAST    BOUND. 

WEST   BOUND. 

Train. 

1     Car  No. 

K.W.H.      1 

Train. 

I         Car  No.    | 

K.W.H. 

Local  Cars. 

1 
3 
5 

246 
262 
264 

131.2 
111.0 
148.0 

2 

4 
6 

260 
2l>3 
254 

122.4 
140.0 
142.5 

7 
9 
11 

260 
263 

130.6 
i24.'5 

8 
10 
12 

261 
246 

142  0 
i28.5 

13 
15 
17 

254 
260 

137.6 
127.5 

14 
16 
18 

262 
260 

122.0 
114.2 

10 
21 
23 

246 
262 
260 

125.6 
123.0 
133.5 

20 

.    22 

24 

263 
254 
261 

135.5 
130.2 
132.8 

25 
27 
20 

263 
254 

iG2."6 

26 
28 
30 

246 
262 

i34.8 
127.0 

31 
33 
35 

261 
246 

146.5 

iio.o 

32 
34 
36 

252 
264 

130.5 
141 .5 

37 
30 
A\ 
43 

262 
252 
254 
263 

112.5 
128.7 

no.o 

118.5 

38 

40 

•  42 

44 

260 
263 
254 
252 

128.5 
134.0 
126.0 
113.1 

Min..  111.0 
Ave..  129  2 
Max.,lG2.0 

Min..  113.1 
Ave.,  131.3 
Max.,  142.5 

Limited  Cars. 


10 

255 

101.0 

18 

250 

123.8 

26 

255 

106.0 

34 

250 

110.6 

Min.,  101.0 
Ave..  112.6 
Max.,   123.0 


TABLE  n. 
Train  Log. 

Train  No. 

Car  No. 

Direction. 

1 
12 
10 
28 
35 

246 

246 
246 

East 
West 
East 
West 
East 

K.  W.  H. 


131.2 
128.5 
125.6 
134.8 
110 


K.W.H. 
Per  Car  Mile. 


2. 32 
2.28 
2  21 
2.38 
2.11 
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AvtiTBge,  East  . 
Average,  West  . 


2.21 
2.33 


9L 

250 

East 

107.4 

1.9 

18. 

250 

West 

123.8 

2.19 

25- 

250 

East 

108.5 

1.92 

34L 

250 

West 

119.6 

2.11 

Average.  East  . 
Average.  West . 


Average,  East  . 
Average,  West  . 


Average,  East  . 
Averages  West  . 


Average,  East  . 
LJ.     Average  West  . 


Average.  East  , 
Average,  West  . 


1.91 
2.15 


2.46 
2.40 


lOL 

255 

West 

101.0 

1.77 

17L 

255 

East 

96.0 

1.70 

26L 

2.55 

West 

106.0 

1.87 

33L 

255 

East 

101.0 

1.78 

Average,  East 

j             1.74 

,        Averac<*.  Wcs*"                                 - 

1.&3 

2 

200 

West 

122.4 

2.16 

7 

200 

Bast 

130.6 

i:iS 

15 

200 

East 

127.5 

IG 

200 

West 

114.2 

1.85 

23 

260 

East 

133.5 

2.35 

38 

260 

West 

128.6 

2.27 

Average,  East 

2.30 

Average,  West 

2.09 

31 

8 

24 

261 
261 
261 

East 
West 
West 

156.5 
142.0 
132.8 

2.59 
2.51 
2.34 

2.59 
2. 41 


30 

262 

West 

127.0 

2.24 

3 

262 

East 

111  0 

1.96 

14 

262 

West 

122.0 

2.15 

21 

202 

East 

123.0 

2.17 

37 

262 

East 

112.5 

1.98 

2.03 
2  19 


11 

263 

East 

124.5 

2.20 

20 

263 

West 

135.5 

2.39 

27 

263 

East 

94.5 

2.48 

40 

263 

West 

l.'?4.0 

2.37 

43 

263 

East 

lis. 5 

2.09 

4 

263 

West 

140.0 

2.48 

2.26 
2.41 
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5 
36 


264 
264 


East 
West 


148.0 
141.5 


2.ni 

2.49 


L  ind.cates  limited  trains. 


TABLE  III. 
Local  Car  No.  260  East  Bound.     K.W.H.  Consumption 


Station. 


Distance 

I    Miles.  ' 


Indianapolis. . . 
Indianapolis  B. 


Lawrence  . . . 

Fortvillc 

Ingalls 

Pendleton . . . 
Andexvon  W. 
Anderson  E.  . 

Daleville 

Yorktown  . . . 

Muncie 

Indianapolis  . 
Muncie 


3.4 
7.4 
11.4 
2.8 
4.7 
8.0 
1.2 
0.5 
5.1 
6.0 

50.5 


K.W  H.  Between  Stations 


Min. 

Ave. 

Max. 

9.0 

10.8 

12.3 

18.9 

19.1 

19.2 

18.3 

22.8 

27.1 

7.2 

7.9 

9.0 

7.0 

7.9 

9.0 

16.8 

18.1 

18.9 

4.5 

5.2 

5.8 

9.5 

11.7 

13.8 

10.2 

10.3 

10.5 

15.0 

15.0 

15.1 

117.3 

128.8 

140.6 

W.K.H.  per  Car  Mile 


Min. 


Ave. 


2.91 
2.55 
1.61 
2.57 
1.49 
2.10 
3.75 
1.46 
2.0 
2.50 

2.07 


3.18 
2.58 
2.00 
2.82 
1.68 
2.26 
4.34 
1.80 
2.02 
2.50 

22.8 


Max. 


3.62 
2.60 
2.38 
3.18 
1.82 
2.36 
4.84 
2.12 
2.06 
2.51 

2.48 


TABLE  IV. 
Local  Car  No.  260,  West  Bound.     K.W.H.  Co.vsumption. 


Station. 


Distance. 


Miles. 


Muncie 

,       6.0 

Yorktown I 

5.1 

Daleville j 

I       C.5 

Anderson  E 

1.2 

Anderson  W 

8.0 

Pendleton 

4.7 

Ingalls 

.       2.8 

Fortville 

4.8 

McCordsviUe 

G.G 

Lawrence , 

'       7.4 
Indianapolis  E.  . . 

3.4 
Indianapolis , 

Muncie , 

I     56.5 
Indianapolis i 


K.W.H.  Between  Stations 


Min. 


Ave. 


Max. 


K.W.H.  Per  Car  Mile. 


Min. 


Ave. 


I 


11.8     , 
7.3 
13.6     ; 

2.5     I 
13.3     \ 

0.3     ! 

5.1 

8.0 
13.5 
12.8 

8.5     I 

105.7 


13.7 

11. 0 

13.7 

3.7 

16.7 

10.6 

5.8 

8.9 

14.6 

14.1 

10.2 

123.0 


15.1 
16.0 
13.8 
4.5 
19.1 
12.6 
6.9 
9.9 
16.6 
16.4 
11.9 

142.8 


1.97 
^.43 
2.09 
2.08 
1.66 
1.98 
1.70 
1.00 
2.05 
1.73 
2.50 

1.87 


2.29 

2.15 

I     2.11 

1      3.08 

2.09 

i     2.20 

j      2.00 

.      1.86 

2.21 

1.91 

3.00 

2.18 


Mux. 

2.50 
3.14 
2.12 
3.76 
2.39 
2.68 
2.38 
2.06 
2.53 
2.22 
3.50 

2.52 


1903.] 


INTERURBAN  CAR  TESTS. 


185 


^  o  •c4*«'**rT"'i     SiS^s^   ssss^ 


186  GOLDSBOROUGH  AND  FANSLER:  [June  30 

The  car  rims  through  Lawrence  with  relatively  small  energy  con- 
sumption and  continues  at  about  the  same  rate  imtil  the  western 
limits  of  Anderson  are  reached.  In  passing  through  Anderson 
there  is  quite  a  considerable  increase  in  the  energy  consumption 
of  the  car.  West  of  Anderson  the  rate  of  consumption  returns  to 
normal  until  siding  3  is  reached  where  in  working  in  and  out  of 
the  siding  a  considerable  amount  of  power  is  required.  From 
siding  3  the  car  runs  into  Muncie  under  a  normal  amount  of 
energy  per  car  mile. 

The  schedule  speed  of  local  trains  between  Indianapolis  and 
Muncie  is  23  miles  per  hour;  on  clear  stretches  nmning  through 
the  country  the  speed  frequently  runs  up  to  50  miles  per  hour,  but 
in  general,  averages  about  38  miles  per  hour.  In  the  towns,  how- 
ever, a  slower  rate  of  speed  is  required,  which  brings  the  schedule 
in  the  country  to  27  miles  per  hour.  When  operating  within  the 
city  limits  of  Anderson  and  Muncie  20  miles  an  hour  are  not,  in 
general,  exceeded,  and  in  Indianapolis  the  rate  varies  from  20 
miles  in  the  suburbs  to  10  miles  in  the  business  districts.  The 
schedule  speed  in  Indianapolis  is  10.28  miles.  The  slower  speeds 
within  the  towns  together  with  the  frequent  stops  made  therein 
account  for  the  greater  consumption  within  city  limits. 

The  curves  of  Fig.  2  show  an  improvement  in  the  operation  of 
the  local  trains  going  west,  for  the  reason  that  the  consumption 
curves  bunch  together  much  better  and  show  a  less  variation 
from  the  mean. 

What  has  just  been  said  regarding  local  trains  must  be  re- 
versed in  comparing  the  consumption  curves  of  the  limited 
trains,  shown  in  Figs.  3  and  4.  The  curves  for  the  limited  trains 
running  east  on  April  17th  follow  one  another  very  closely  and 
indicate  but  slight  variations  in  the  power  consumption  per  car 
mild  per  train.  In  the  case  of  the  trains  running  west,  however, 
the  car  consumption  of  train  34  is  considerably  higher 
than  that  of  train  10,  and  variations  in  the  rate 
of  energy  consumption  are  much  greater  in  the  case  of 
the  cars  running  west  than  in  the  case  of  those  run- 
ning east.  The  fact  that  the  eastern  limited  trains  are  usually 
given  right-of-way  at  the  sidings,  has  much  to  do  with  these 
variations;  the  number  of  stops  per  trip  of  the  west  bound 
limited  trains  being  in  general  in  excess  of  the  number  of 
stops  per  trip  of  the  east  bound  limited  trains.  The  speeds 
attained  by  the  limited  trains  run  as  high  as  60  miles  an  hour. 
Speeds   as    high   as    52    and    53    miles  an  hour  are  frequent. 
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The  schedule  speed  is  28  miles  an  hour.  Since  cars  have  to  cover 
the  distance  between  Anderson  and  Muncie,  which  is  56.55  miles, 
in  two  hours,  and  as  the  limited  trains  consume  35  minutes  in 
passing  through  city  streets,  the  schedule  speed  in  the  open 
country  is  35  miles  an  hour. 

In  Fig.  5  is  shown  a  comparison  between  the  power  consump- 
tion of  the  local  and  limited  trains;  these  curves  are  the  average 
of  all  the  local  and  limited  trains  operated  on  April  17th,  going 
east  from  Anderson.  The  greater  power  consumption  of  the 
local  trains  is,  of  course,  due  to  the  fact  that  owing  to  the  stops 
and  the  longer  schedule,  the  local  trains  took  two  hours  and  a 
half  to  make  the  trip  against  two  hours  by  the  limited  trains. 

In  Pig.  5  we  have  the  consimiption  curves  for  the  local  and 
limited  trains  running  west.  It  will  be  noticed  that  the  curves 
in  Fig.  6  lie  closer  together  than  those  of  Fig.  5.  The  total 
average  car  consumption  of  the  local  trains  is  the  same  in  both 
instances,  whereas  the  average  consumption  of  the  limited 
trains  nmning  east  is  less  than  that  of  the  limited  trains  running 
west. 

In  Figs.  5  and  6  are  also  shown  the  consumption  curves  of 
special  trains  which  were  operated  on  the  day  mentioned. 
These  give  a  good  idea  of  the  ampunt  of  service  rendered  which  is 
not  inclu'ded  in  the  regular  daily  schedule.  The  special  or  work- 
trains  were  run  over  the  system  while  the  test  was  in  progress. 
The  cars  were  all  small  and  did  not  consume  a  great  deal  of 
power;  they  were  not  equipped  with  wattmeters,  and  hence  only 
an  approximation  could  be  made  of  the  amount  of  energy  they 
consumed. 

It  is  quite  hard  to  determine  just  why  the  different  cars 
will  make  the  run  between  Indianapolis  and  Muncie  in  practically 
the  same  time,  and  on  different  runs  consume  such  different 
amounts  of  energy 

The  trains  scheduled  in  Table  I.  have  been  grouped  together 
in  Table  II.  so  that  a  comparison  can  be  made  of  the  kilowatt 
hour  consumption  of  different  runs.  We  find,  for  instance,  that 
car  254  made  one  trip  east  consuming  1G2  k.w.h.  and  another 
consuming  119  k.w.h.  which  is  a  difTcrcncc  of  36  per  cent.  The 
western  trips  on  the  same  day  showed  a  maximuni  consumption 
of  142  k.w\h.  and  a  minimum  of  120  k.w.h.,  a  difference  of  only 
13  per  cent.  Of  all  the  trains  scheduled  in  Table  II., 
car  2G2  made  the  trip  east  with  the  least  energy  consumption, 
requiring  but  111  k.w.h.,  which  is  at  the  rate  of  1.96 
k.w.h.    per    car    mile.        The    highest    consumption    by    this 
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car  is  123  k.w.h.,  or  an  increase  of  only  10  per  cent.  The  number 
of  stops  made  by  a  car  on  different  trips  imdoubtedly  has  quite 
an  effect  upon  the  amount  of  energy  consimied.  The  greater  the 
number  of  stops  the  greater  the  amount  of  time  deducted  from 
the  regular  nmning  time,  and,  the  greater  must  be  the  accelera- 
tion of  the  train  to  enable  it  to  make  up  the  lost  time.  This  is 
quite  clearly  brought  out  by  the  fact  that  the  limited  trains,  as 
shown  in  Table  I.,  average  on  their  eastern  trips  only  103  k.w.h., 
whereas  the  local  trains  average  129  k.w.h.  on  their  eastern  trips, 
an  increase  of  35  per  cent.  As  a  rule  the  limited  trains  after 
leaving  Indianapolis  only  stop  once  at  Anderson  in  their  run  to 
Muncie.  Going  west  the  limited  trains  usually  pull  in  at  sidings 
to  allow  east  bound  trains  to  pass.  This  probably  accounts  for 
the  fact  that  the  k.w.h.  consumption  of  the  west  bound  limited 
trains  is  somewhat  greater  than  the  k.w.h.  consumption  of  the 
east  bound  limited  trains,  although  the  west  bound  limited  trains 
are  relatively  running  down  grade,  Muncie  having  an  elevation  of 
about  100  feet  above  Indianapolis. 

The  number  of  stops  made  by  the  local  cars  outside  of  the  cit- 
ies averages  about  34. 

An  average  taken  of  the  runs  made  by  the  local  cars,  east  and 
west,  shows  them  to  be  very  much  the  same.  For  instance,  in 
Table  I.,  the  average  of  the  east  bound  locals  is  129  k.w.h.  and  of 
the  west  bound,  131,  k.w.h.;   practically  the  same. 

The  best  run  going  east  shows  a  car  consumption  of  111  k.w.h. 
by  car  number  262;  the  highest  car  consumption  going  east  is  162 
k.w.h.  by  car  number  254,  a  difference  of  49  per  cent.  The  aver- 
age of  the  eastern  trips  made  by  car  number  262  is  115  k.w.h., 
and  the  average  of  the  trips  made  by  car  254  is  139  k.w.h.,  a 
difference  of  21  per  cent.  As  the  two  cars  are  of  the  same  weight 
and  equipment,  and  as  the  runs  made  by  them  are  spaced  suffi- 
ciently close  together  to  admit  of  the  supposition  that  the  average 
stops  made  during  the  day  by  the  two  cars  is  very  much  the  same, 
we  have  to  assume  that  the  difference  in  power  consumption  is 
caused  by  the  equipment  of  car  number  262  being  in  better  condi- 
tion than  that  of  car  number  254  as  the  personal  equation  of  the 
motorman  in  the  operation  of  his  car  in  local  interurban  service, 
as  will  be  shown  later,  is  practically  v  itl^.or.t  effect  where  a  num- 
ber of  runs  are  taken  into  consideration.  Among  the  west  bound 
local  trains,  car  254  shows  again  the  highest  consumption,  which 
seems  to  make  it  quite  conclusive  that  its  running  gear  was 
rffectrd  in  some  particular.  Here  we  have  a  care  in  point 
in  which  causes  other  than  th.c  number  of  starts  made  during  a 
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trip  having  had  the  effect  of  causing  a  decided  increase  in  the 
power  consumption  of  a  car.  We  cannot,  therefore,  charge 
up  discrepancies  in  energy  consumption  entirely  to  the  num- 
ber of  starts  made.  It  is  lair  to  say,  however,  that  each  start 
requires  the  expenditure  of  from  .5  to  .8  k.w.h. 

In  the  case  of  the  limited  runs  we  find  by  reference  to  Table  L 
a  variation  of  13  per  cent,  in  the  energy  taken  by  the  east 
bound  trains  and  a  variation  of  22  per  cent,  in  the  energy  taken 
by  the  west  bound  trains. 

In  connection  with  the  general  discussion  of  the  amount  of 
power  required  to  operate  these  trains  it  has  been  thought  of 
value  to  study  the  results  obtained  from  the  operation  of  a  given 
car  over  a  series  of  trips  in  detail.  Car  2C0  has  accordingly  been 
made  the  subject  of  this  analysis.  From  Table  II.  it  will  be 
noticed  that  car  number  260  made  six  local  trips  between  Indian- 
apolis and  Muncie,  three  east  and  three  west,  on  April  iVth, 
which  are  distributed  entirely  through  the  day.  The  car  may 
therefore  be  assumed  to  represent  fairly  well  the  average  daily 
cycle  through  which  a  local  car  has  to  pass. 

In  Tables  III.  and  IV.  the  analysis  of  the  performance  of  this 
car  is  presented.  In  Table  III.  the  column  which  shows  the 
average  k.w.h.  consumption  between  stations  gives  the  average 
energy  consumption  of  the  car  for  the  three  trips  made  fron 
Indianapolis  to  Muncie.  The  column  to  the  right  of  this  headed 
"  maximum  "  gives  the  maximum  consumption  between  the 
diiTerent  stations  that  occurred  in  any  one  of  the  three  eastern 
trips  and  the  column  headed  "  minimum  "  gives  the  minimum 
consumption  that  occurred  on  any  one  of  the  three  trips  east  to 
operate  the  car  between  the  stations. 

The  "average"  column  may  therefore  be  said  to  represent  the 
average  daily  performance  of  the  car.  The  "maximum"  column 
^ives  the  probable  amount  of  power  which  the  car  is  likely  to  use 
in  passing  between  stations  and  the  "minimum"  column  gives  what 
is  probably  tlie  least  amount  of  energy  which  this  car  is  likely  to 
take  in  passing  between  stations,  in  local  service.  Tlie  footings 
of  these  columns  give  accordingly  the  probable  maximum,  the 
average  ordinary  and  the  probable  minimum  energy  wl:ich  the  car 
will  take  in  making  a  trip  from  Indianapolis  to  Muncie. 

Tl:c  maximum,  140.6  k.w.h.,  is  9  per  cent,  in  excess  of  the 
average  and  12  per  cent,  in  excess  of  the  minimum.  The 
greatest  diflferences  between  tlie  maximum  and  minimum  values 
occur  in  the  runs  between  Lawrence  and  Fortville,  and  Anderson 
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E.  and  Daleville.  The  variations  between  the  maximum  and 
minimum  values  between  Daleville  and  Muncie  are  relatively 
immaterial.  In  running  between  Lawrence  and  Fortville  the 
maximum  value  is  47  per  cent,  in  excess  of  the  minimum  and  in 
running  from  Anderson  E.  to  Daleville  the  maximum  is  45  per 
cent,  in  excess  of  the  minimum. 

The  average  for  the  trip  (in  Table  III.)  is  128.8  k.w.h.  The 
average  of  the  three  actual  eastern  trips  of  car  260  given  in  Table 
II.  is  130.5,  showing  that  Ihe  sum  of  the  average  energy  consump- 
tions of  several  runs  taken  between  stops  is  1.5  per  cent,  less  than 
the  actual  average  of  the  three  runs.  In  Table  IV.  a  similar  set  of 
tabulations  is  made  for  the  three  west  bound  trips  of  car  260  and 
results  that  do  not  markedly  differ  from  those  of  Table  III.  are 
shown.  For  instance,  the  average  energy  consumption  in  Indian- 
apolis east  bound  is  10.8  k.w.h.  against  10.2  west  bound.  The 
average  energy  consumption  in  Muncie  is  15  k.w.h.  east  bound 
against  13.7  west  bound.  The  average  energy  consumption  in 
Anderson  is  5.2  east  bound  against  5.1  west  bound. 

The  greatest  difference  in  the  averages  is  shown  in  those  taken 
for  the  runs  between  Indianapolis  E.  and  Lawrence;  the  average 
of  the  east  bound  trains,  19.1  k.w.h.,  being  49  per  cent,  in  excess 
of  the  average  of  the  west  bound  trains  between  these  points.  The 
greatest  variations  between  the  maximum  and  minimum  con- 
sumption between  stations  in  Table  IV.  occurs  in  the  runs 
between  Yorktown  and  Daleville,  where  the  variation  is  119  per 
cent. 

As  regards  the  energy  consumption  for  the  trip,  we  find 
that  the  average  of  the  east  bound  trains  exceeds  the  average  of 
the  west  bound  trains  by  4.5  per  cent. ;  and  that  the  maximum 
probable  energy  consumption  of  east  bound  trains  is  142.8  k.w.h., 
which  is  35  per  cent,  in  excess  of  the  minimum  and  16  per  cent, 
in  excess  of  the  average. 

The  three  columns  at  the  left  of  Tables  III.  and  IV.  refer  to  the 
consumption  of  car  260  in  k.w.h.  per  car  mile. 

It  is  noticeable  that  the  maximum  rate  of  energy  consumption 
in  all  cases  occurs  in  the  cities.  The  energy  consumption  per  car 
mile  in  Anderson  being  greatest,  in  Muncie  least  and  in  Indian- 
apolis more  or  less  of  an  average  between  tlie  other  two  places. 
This  increase  in  the  energy  consumption  in  the  cities  is  due  to  the 
slower  speeds,  frequent  stops  and  very  olten  to  low  voltage.  It 
will  be  noticed  that  the  maximum  energy  consumption  in  Ander- 
son is  4.84  k.w.h.  per  car  mile,  whereas  in  Indianapolis  it  is 
only  3.62  k.w.h.  per  car  mile. 
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TABLE  V. 
Local  Car  Consumption  for  Various  Sbctions  op  Linb.    East  Bound. 


Sution. 


IndianaT>olis 

Indianapolis  B.  . . 

Lawrence 

PortvillB 

IngaUs 

Pendleton 

Anderson  W 

Anderson  E 

DalcvUle 

Yorktown 

MuncieW 

Muncie 

Total  Trip 

Total  Urban  . . . 
Total Intbrur- 
BAN 


1 

K.W.H. 

Between  Sutions. 

K.W.H.  Per  Car  Mile 

Distance 

Miles. 

Min. 

Ave. 

Max. 

Min. 

Ave. 

Max 

3.4 

9.4 

11.9 

14.6 

2.76 

3.50 

4.30 

7.4 

13.8 

18.9 

25.5 

1.86 

2.55 

3.46 

11.4 

13.7 

22.8 

29.0 

1.20 

2.00 

2.55 

?.S 

5.2 

7.1 

8.1 

1.86 

2.53 

2.R9 

4.7 

7.0 

9.5 

12.5 

1.49 

2.02 

2.66 

8.0 

16.1 

19.8 

24.1 

2.01 

2.47 

3.01 

.     1.2 

4.0 

5.3 

8.2 

3.40 

4.42 

6.82 

6.5 

9.0 

12.4 

17.2 

1.38 

1.91 

2.65 

5.1 

7.0 

8.7 

12.2 

1.37 

1.71 

2.89 

4.7 

7.4 

10.4 

12.3 

1.57 

2.21 

2.61 

1.3 

2.5 

5.2 

9.9 

1.92 

3.99 

7.60 

5A.6 
6.9 

95.1 
16.9 

1?2.0 
22.4 

173.6 
32.7 

1.6R 
2.70 

2.34 
3.79 

3.06 
5.54 

50.6 

79. 2 

110.4 

140.9 

1.56 

2.18 

2.79 

TABLE  VI. 
Local  Car  Consumption  for  Various  Sbctions  op  Linb.    Wbst  Bound. 


K.WH. 

Between  Stations. 

K.W.H 

.  Per  Car  Mile. 

Station. 

Distance. 
Miles. 

Min. 

Ave. 

Max. 

Min. 

Ave. 

Max. 

Muncie 

1.3 

2.5 

5.2 

9.9 

1.92 

3.99 

7.6 

MuncieW 

4.7 

7.8 

10.8 

15.3 

1.66 

2.29 

3.26 

Yorktown 

5.1 

7.3 

13.1 

16.8 

1.43 

2.57 

3.29 

Daleville 

6.5 

9.2 

13.7 

15.7 

1.42 

2.10 

2  42 

Anderson  E 

1.2 

2.5 

4.4 

6.1 

2.08 

3.66 

6.09 

Anderson  W 

8.0 

15.4 

19.2 

23.3 

1.93 

2.40 

2.92 

Pendleton 

4.7 

7.0 

10.0 

15.0 

1.49 

2.26 

3. 19 

In-iiUs 

2  8 

5.1 

6.6 

8.4 

1.82 

2.35 

3.00 

Fortvillc 

11.4 

17.0 

24.2 

28.5 

1.49 

2.12 

2.60 

Lawrence 

7.4 

12.0 

15.6 

22.3 

1.67 

2.15 

3.10 

InJianapolis  E.   . . 

3.4 

7.5 

11.5 

18.6 

2.21 

3.38 

6.47 

Indianapolis 

Total  Trip 

56.5 

93.3 

134.9 

179.9 

1.65 

2.37 

3.18 

ToTAi  Urban   .  .. 

6.9 

12.5 

21.1 

34.6 

2.12 

3.57 

5.88 

lui^r.  INTEKUR- 

BAN 

50  6 

80.8 

113.8 

145.3 

1  60 

2.24 

2.87 
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The  least  energy  consumption  per  car  mile  shown  oi  these  tables 
is  on  one  of  the  westward  trips  between  Yorktown  and  Daleville, 
where  as  low  a  value  as  1.43  k.w.h.  per  car  mile  is  shown.  This  is 
but  30  per  cent,  of  the  maximum  consumption  cited  for  the  east- 
em  trip  in  Anderson. 

In  Tables  V.  and  VI.  a  still  more  elaborate  study  has  been  made 
of  power  consumption  between  points.  These  tables  include  a 
resume  of  all  of  the  data  accumulated  for  all  of  the  cars  on  April 
17tii.  For  instance,  the  table  of  east  bound  consumption  gives 
in  the  average  column  the  average  consumption  between  points 
for  all  of  the  cars,  the  minimum  column  gives  the  least  con- 
sumption recorded  between  points  for  any  one  of  the  cars  and  the 
maximum  gives  the  maximum  consumption  for  any  one  of  the 
cars. 

Comparing  these  results  we  see  that  in  running  through  Mimcie 
the  power  consumption  per  car  mile  varies  from  2.5  to  9.9,  a 
variation  of  300  per  cent.  Differences  exceeding  100  per  cent, 
are  quite  frequent,  as  for  instance  between  Indianapolis  E.  and 
Lawrence  and  between  Lawrence  and  Fortville  and  in  Anderson. 
Since  all  of  the  cars  are  of  about  the  same  weight  and  equipped  in 
the  same  way,  it  is  quite  evident  that  even  in  the  local  runs  much 
could  be  done  to  improve  the  character  of  the  operation,  espe- 
cially if  the  motormen  were  carefully  instructed  in  the  detail 
handling  of  their  cars. 

The  values  given  in  the  maximum  column  are  the  exception- 
ally high  values.  They  reach  a  total  of  173.6  k.w.h.  This  value 
is  in  excess  of  any  of  the  east  boimd  trips  given  in  Table  I.  and  is 
even  higher  than  the  power  required  by  car  254  in  trip  29,  which 
is  in  itself  25  per  cent,  higher  than  the  average  of  all  the  eastern 
trips  for  that  day.  The  run  of  car  254  indicates  the  degree 
to  which  very  bad  conditions  are  sometimes  approximated. 
Any  motorman  who  should  continually  operate  his  car  making  a 
demand  as  high  as  the  maximum  values  given  in  Tables  V.  and 
VI.,  that  is  173  to  ISO  k.w.h.  per  trip,  should  be  discharged. 

The  minimum  value  per  trip  given  in  Table  V.  of  95.1  k.w.h.  is 
1G.5  per  cent,  less  than  the  minimum  for  any  local  trip  in  Table  I. 
and  is  even  1  per  cent,  less  than  the  minimimi  consumption,  96 
k.w.h.,  made  in  the  best  eastern  trip  of  a  limited  car.  Ninety- 
five  k.w.h.  is  therefore  probably  less  than  the  minimum  value 
that  any  car  will  ever  take  in  a  local  trip  between  Indianapolis 
and  Muncie.  This  is  49  per  cent,  less  than  the  average  and  83 
per  cent,  less  than  the  maximum  k.w.h.  consumption  per  trip 
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given  in  Table  V.  In  all  of  the  values  given  in  Table  V.  it  is 
quite  noticeable  that  the  difference  between  the  minimum  and 
the  average  is  less  than  the  difference  between  the  average  and 
the  maximum.  This  indicates  that  the  motormen,  in  general, 
handle  their  cars  creditably. 

The  composite  presentation*  of  the  data  of  all  west  bound  trains 
given  in  Table  VI.  tells  much  the  same  story  as  does  Table  V. 
The  best  Performance  per  trip  of  93.3  k.w.h.  betters  the  best  per- 
formance of  Table  V.  as  does  also  the  best  performance  of  car 
260  west  botmd  better  its  best  performance  east  bound.  In  the 
same  way  the  maximum  of  179.9  k.w.h.  is  greater  than  the 
maximum  for  the  total  trip  of  Table  5.  Car  260  shows  this 
same  result;  the  western  maximum  per  trip  being  2  k.w.h. 
larger  than  the  eastern  maximum  per  trip. 

There  would  therefore  seem  to  be  something  in  the  contour  of 
the  road  which  develops  greater  irregularities  in  operation  when 
cars  are  nmning  west  than  when  they  are  running  east.  These 
conditions  are  not  very  marked  yet  sufficiently  so  to  be  notice- 
able. They  cannot  be  traced  especially  to  the  cities  as  against 
interurban  operation.  At  the  bottom  of  Tables  V.  and  VI.  the 
urban  and  interurban  power  consumption  is  separated  and  for  all 
of  these  results  the  minimum  and  maximum  values  of  Table  VI. 
are  respectively  less  and  greater  than  the  minimiun  and  maxi- 
mum values  of  Table  V. 

The  urban  and  interurban  data,  however,  bring  out  very 
clearly  the  fact  that  within  the  city  limits  the  car  consumption 
per  car  mile  is  considerably  greater  than  in  running  through  the 
country.  The  maximum  values  for  city  service  run  as  high  as 
7.6  k.w.h.  per  car  mile  and  average  5.88  k.w.h.,  whereas  in  the 
country  the  maximum  value  either  east  or  west  does  not  ex- 
ceed 3.45  k.w.h.  per  car  mile  and  average  not  more  than  2.87 
k.w.h.  per  car  mile.  The  values  given  in  the  column  of  averages 
show  best  the  relative  performance  of  cars  in  urban  and  inter- 
urban service.  During  the  east  bound  trips- the  urban  cars  on 
the  average  consumed  17  per  cent,  of  the  energy  nmning  10.4 
per  cent,  of  the  distance,  their  power  consumption  in  the  cities 
per  car  mile  being  on  the  average  74  per  cent,  in  excess  of  what 
it  was  in  the  country. 

In  Table  VI.  it  is.  shown  that  while  running  but  10.4  per  cent, 
of  the  distance  in  the  cities,  the  west  bound  trains  consumed  15.5 
p6r  cent,  of  the.  energy;  their  car  mile  consumption  being  60  per 
cent,  higher  m  urban  than  in  interurban  service.  To  make  the 
comparison  between  the  average  energy  consumption  of  the  cars 
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when  east  and  west  bound  more  complete,  the  average  values  are 
brought  together  in  Table  VII.  This  table  shows  that  trains 
running  east  and  west  require  approximately  the  same  power 
when  running  through  the  cities,  the  greatest  variations  occurr- 
ing in  the  interurban  service.  The  run  between  Daleville  and 
Yorktown  is  most  noticeable  in  this  respect,  power  consumption 
going  west  being  43  per  cent,  greater  than  the  average  power  con- 
sumption of  trains  going  east.  The  general  averages  given  at  the 
bottom  of  the  page  show  quite  clearly  that  the  local  trains 
require  under  average  conditions  the  same  amount  of  power 
whether  running  eastward  or  westward. 

Passing  from  the  local  trains,  we  have  gathered  together  in 
Tables  VIII.,  IX.  and  X.  a  comparison  of  the  performance  of  all 
the  limited  trains  in  service.  The  most  noticeable  thing  in  con- 
nection with  the  data  here  given  is  that  the  variations  in  the 
energy  consumption  per  trip  in  the  limited  service  are  very  much 
less  than  those  in  the  local  service.  As  between  the  different 
runs  by  limited  cars,  the  tables  show  again  that  the  differences  in 
the  consumption  of  east  bound  trains  are  less  than  the  differences 
in  the  consumption  of  west  bound  trains.  It  will  be  remembered 
that  the  same  notation  has  been  made  in  discussing  the  perform- 
ance of  car  number  260  as  that  of  all  the  local  trains.  The 
minimum  possible  energy  consumption  per  trip  whether  east  or 
west  is  95  k.w.h.,  or  practically  the  same  as  that  given  for  the 
local  trains.  The  fact  that  the  limited  runs  show  up  so  much 
better  than  do  the  local  runs  is  undoubtedly  due  to  the  number 
of  starts  in  the  limited  trips  being  very  much  less,  the  limited 
cars  having  the  right-of-way  and  the  best  motormen  being  in 
charge  of  them.  These  three  items  taken  collectively  account 
for  a  great  deal. 

It  will  be  noticed  by  reference  to  Table  VIII.  that  the  energy 
consumption  by  cars  between  Indianapolis  East  and  Anderson 
West  is  practically  the  same  and  that  there  is  but  25  per  cent, 
difference  in  the  energy  consumption  when  the  cars  are  running 
between  Anderson  East  and  Muncie  West.  It  must  be  remem- 
bered that  this  percentage  indicates  the  maximum  diflFerence  that 
occurred  between  any  two  cars  at  any  time. 

The  variation  in  the  energy  consumption  of  the  cars  running 
through  the  cities  does  not  vary  in  excess  of  50  per  cent,  between 
the  maximum  and  minimum  values.  Whereas,  it  will  be  remem- 
bered that  in  the  case  of  the  local  cars  differences  as  great  as  300 
per  cent,  are  recorded.     The  maximum  urban  consumption  per 
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TABLE  VII. 

(See  Tables  V.  and  VI.) 

Comparison  ov  Avbragb  I^cai.  Car  Consumption  over  Cbrtain  Sbctions  op  thb  Link. 


Distance 
Miles. 

Average  Consumption. 

Section. 

K.W  H.  Between  Stations 

K.W.H.PerCarMile. 

East. 

West. 

East. 

West. 

Indianapolis 

3.5 

11.9 

11.6 

3.50 

3.38 

Indianapolis  E 

7.4 

18.9 

15.5 

2.66 

2.15 

Lawrence 

U.4 

22.8 

24.2 

2.00 

2.12 

Portville 

2.8 

7.1 

6.6 

2.63 

2.35 

Ingalla 

4.7 

9.5 

10.6 

2.02 

2.26 

Pendleton 

8.0 

19.8 

19.2 

2.47 

2.40 

Anderson  W 

1.2 

5.3 

4.4 

4.42 

3.66 

Anderson  E 

6.5 

12.4 

13.7 

1.91 

2.10 

Daleville 

5.1 

8.7 

13.1 

1.71 

2.37 

Yorktowa 

4.7 

10.4 

10.8 

2.21 

2.29 

Muncie  W 

1.3 

5.2 

5.2 

3.99 

3.99 

Mancie 

66.5 

132.0 

134.  P 

2.34 

Total  Trip 

2.37 

Total  Urban 

5.9 

22.4 

21.1 

3.79 

3.67 

Total  Intbrurban  . 

50.7 

110.4 

113.8 

2.18 

2.24 

TABLE  VIII. 
LiMiTBD  Car  Consumption  por  Various  Sections  op  Linb. 


East  Bound 


K.W.H 

.  Between  Stations 

K.W.H.PerCarMile. 

Distance 

Miles. 

Min. 

Ave. 

Max. 

Min. 

Ave. 

Max. 

Indianapolis 

3.4 

8.1 

8.7 

10.3 

2.38 

2.66 

3.08 

Indianapolis  E.  . . 

34.4 

66.5 

58.0 

69.9 

1.64 

1.69 

1.74 

Anderson  W 

1.2 

3.4 

4.2 

4.8 

2.84 

3.60 

4.00 

Anderson  E 

16.3 

24.0 

28.5 

30.6 

1.47 

1.76 

1.88 

Muncie  W 

1.3 

3.0 

3.6 

4.4 

2.31 

2.77 

3.S8 

Muncie 

Total  Trip 

66.6 

9.'>.0 

103.0 

110.0 

1.68 

1.82 

1.94 

Total  Urban  . . . 

6.9 

14.5 

16.6 

19.6 

2.46 

2.80 

8.30 

Total  Intbrur- 

ban   

60.7 

80.5 

86.6 

90.6 

1.69 

1.71 

1.7v 
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TABLE  IX. 

LiMiTBD  Car  Consumption  for  Various  Sections  of 

LiNB.    Wbst  Bound. 

Miles 

K.W.H. 

Between  Sutions. 

K.W.H.  Per  Car  Mile. 

Station. 

Min. 

Ave. 

Max. 

Min. 

Ave. 

Max. 

Muncic 

1.3 

3.5 

4.4 

5.1 

2.49 

3.38 

3.92 

Muncic  W 

16.3 

27.1 

29.9 

32.3 

1.66 

1.83 

1.98 

Anderson  E 

1.2 

3.9 

4.6 

5.3 

3.25 

3.84 

4.42 

Anderson  W 

9.9 

16.9 

19.6 

22.8 

1.71 

1.98 

2.31 

Siding  15 

Siding  19 

7.6 

13.5 

14.9 

16.5 

1.78 

1.96 

2.17 

16.8 

16.7 

25.0 

33.0 

.99 

1.49 

1.96 

Indianapolis  B.  . . 

3.4 

8.9 

11.2 

13.9 

2.61 

3.29 

4.09 

Indianapolis 

Total  Trip 

66.5 

90.5 

109.6 

128.9 

1.60 

1.94 

2.28 

Total  Urban  . . . 

5.9 

16.3 

20.2 

24.3 

2.76 

3.60 

4.12 

Total  Intbrur- 

BAN 

60.6 

74.2 

89.4 

104.6 

1.47 

1.77 

2.07 

TABL  X. 
(See  Tables  8  and  9.) 
Comparison  of  Avbraob  Lim:tbd  Car  Consumption  ovbr  Certain  Sbctions  of  tub  Linb. 


Distance 
MiLs. 

Average  K.W.H.  Consumption. 

Section. 

K.W.H.  Between  Sutions 

K.W.H.  Per  Car  Mile. 

East. 

West. 

East. 

West. 

Indianapolis 

Indianapolis  E 

Anderson  W 

Andenon  E 

MunHe  W 

3.4 
34.4 

1.2 
16.3 

1.3 

56.6 
5.9 

ro.6 

8.7 
58.0 

4.2 
28  5 

3.6 

103.0 
16.5 
86.5 

11  2 
•  59.5 

4  6 
29.9 

4.4 

109.6 
20.2 
89.4 

2.66 

.1.69 

8.60 

1  76 

2.n 

1.82 
2.80 
1.71 

3.29 
1.73 
3  84 
1.83 

Muncie 

Total  Trip 

Total  Urban  

Total  Intbrurban  . 

3.38 

1.94 
3.60 
1.77 

TABLE  XI. 
Personal  Factor  of  Motormbn. 
Local  Runs. 


' 

Ea«;t. 
Total  K.W.H. 

West. 
Total  K.W.H. 

Trips. 

Name. 

Min.      Average 

Max. 

Min. 

Average'  Max. 

East. 

West. 

Eller     

122 
116 
122 
113 
118 
124 

135 
121 
1.11 
123 
122 
1.10 

14R 
126 
1.18 
1.11 
128 
140 
154 

114 
124 
119 
126 
112 
127 
134 

125     '     136 
129     1     130 
124     j     128 

134  141 
128     1     145 
131     1     134 

135  1.15 

no     1 

6 

4 
4 
3 
3 
3 
3 

26 

5 

Lee 

4 

Robbins 

Green 

4 
3 

Young 

6 

Gi-iffin 

4 

Embry 

108 

126 
127 

2 
29 
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TABLE  XL— Continued. 
LiMiTBD  Runs. 


N'ame 

ToUl  K.W.H. 

Trips. 

Min. 

Average. 

Max. 

Motsie 

Praxier     

101 
95 

109 
101 

105 

115 
104 

13 
12 

25 

TABLE  XII. 
L(y*At  Run  09  Cak  237 


BAST 

BOUND. 

WBST  BOUND. 

(A) 
K.W.H. 

Sq.Root 

•Ratio. 

Ratio 

Sq  Root. 
^ean 

(D) 
K.W.H 

Station. 

Starts. 

Per 

B 

C 

Per      , 

Car 

Sq  Cur. 

Sq.Cur. 

Car      1  Starts. 

Mile. 

A 

D 

Mi...    ; 

Indianapolis . . 

12 

3.27 

49.6 

21.9 

14.6 

49.5 

3.39 

12 

Sid»n«27 

5 

2.83 

53.1 

18.8 

.... 

I^wrence  . .    . 

3 

2.63 

.S3.1 

20.2 

1.48 

Oaklandon  . . . 

,  1 

2.12 

40  9 

22.1 

3.01 

McCordsviUe.. . 

2 

1.91 

43.1 

22  6 

3  15 

Fortville 

Ingalls 

.2 

2  49 

51.1 

20.5 

23.9 

34.7 

1.45 

3 

2.39 

49.2 

20.6 

20.1 

44.0 

2.19 

Pendleton 

5 

2.29 

49.0 

21.4 

21.9 

47.2 

2.16 

Anderson 

7 

2.98 

50.4 

16  9 

23.7 

55.0 

2.32 

Chesterfield.. . . 

1 

1.50 

36.1 

24.0 

22  4 

57.0 

2.53 

Daleville 

1 

1.90 

41.4 

21.8 

23.2 

54.8 

2.36 

Yorktown 

8 

2.84 

48.9 

17.2 

20.2 

54.3 

2.69 

Muicie 

Total  Trip..  . 

50 

2.48 

48.9 

lrf.7 

21  6 

49  0 

2.27 

^48 

K.W.H. 

per  ton  m 
per  trip 

ife  a5  6  . 
140.2.. 

78 

3 

K.W.H. 

118 

3 

An  allowaDce  of  45  nassensers  is  made  per  trip  at  an  estimated  weight  of  3.00  ton 

•  B  ori.  **  D  Js  the  *  ru..-"Tg  factor    which  mulHpUed  bv  the  K.W.H  p<»r  cal 


•The  raHo  B  or i.  **  D  Js  t*»c  *  ru..-"Tg  factor  which  mulHpUed  bv  the  K.W.H  o<»i  __ 
mil*  g!  ^ .  *  the  snuaxe  root  v.*  ♦he  mean  sq'iai.-^  value  of  the  tw.  -^t  flowing  iu  .*••  motor  arma 
ture.  The  •  Mar^  root  tifi  the  mean  so oare  value  of  the  ruiamg  cxu .  snt  is  the  value  i^T  the  cur 
rent  to  be  usea  in  a  fh<^  test. 
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car  mile  by  the  limited  cars  is  4.42  k.w.h,  against  5.88  by  the 
local  cars.  The  best  urban  performance  shown  by  the  limited 
cars  is  2.31  k.w.h.  per  car  mile  against  2.92  k.w.h  by  a  local  car. 
The  best  average  urban  consumption  for  the  limited  cars  is  2.8 
k.w.h.  on  east  bound  trips  against  3.79  k.w.h.  by  the  local  cars.  In 
general,  therefore,  at  all  points,  the  limited  cars  show  better 
handling,  more  uniform  records,  and  records  which  are  much 
lower  than  the  average  of  the  local  car  performance.  Occasion- 
ally, however,  as  is  pointed  out,  a  car  in  local  service  will  show  a 
better  record  over  a  short  distance  than  will  the  limited  cars. 

The  comparison  of  limited  east  and  west  bound  trains  given  in 
Table  X.  shows  little  difference  between  them.  The  consumption 
of  the  west  bound  trains  is  uniformly  slightly  higher  than  that  of 
the  east  boimd.  This  is  a  distinct  characteristic  of  the  traffic 
over  this  system,  as  has  already  been  pointed  out. 

Another  interesting  phase  of  this  subject  is  brought  out  by 
the  results  which  are  given  in  Table  XI.  Here  we  have  the  work 
of  the  different  motormen  given  in  terms  of  the  minimum,  average, 
and  maximum  energy  consumption  of  the  cars  in  their  charge 
during  the  three  days  of  the  general  test.  The  best  trip  going 
east  shows  an  energy  consumption  of  108  k.w.h.,  which  is  43  per 
cent,  less  than  the  highest  car  consumption,  recorded  154  k.w.h. 
It  is  interesting  to  note  that  these  minimum  and  maximum 
records  were  made  by  the  same  man,  the  average  of  his  three 
trips,  however,  is  126  k.w.h.,  which  differs  but  by  one  per  cent, 
from  the  average  of  all  of  his  east  bound  trips.  These  results 
more  than  any  others,  bring  out  the  fact  that  the  variations  in 
the  energy  consumption  in  local  service  are  chiefly  due  to  condi- 
tions existing  at  the  time  of  specific  runs.  Tlie  average  of  the 
first  man  going  east  is  8  per  cent,  higher  than  his  average  going 
west.  The  average  of  the  second  man  going  east  is  6.5  per  cent. 
less  than  his  average  going  west.  The  third  man  shows  the 
greater  consumption  on  his  east  boimd  trips;  the  fourth  man  the 
greatest  on  his  west  bound  trips,  and,  so  on  for  the  others. 
Apparently,  a  motorman  who  so  operates  his  car  as  to  produce 
a  greater  energy  consumption  on  his  eastern  trips  than  on  his 
western,  does  so  consistently,  possibly,  through  some  personal 
idea  as  to  the  way  in  which  his  car  should  be  conducted  over 
different  portions  of  the  road.  For  instance,  the  first  man's 
minimum,  average,  and  maximum  is  less  on  his  western  trips  than 
on  his  eastern;  in  the  same  way  the  work  of  the  second  man 
shows  that  on  his  eastern  trips  his  minimum,  average,  and  maxi- 
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mum  were  consistently  less  than  the  minimum,  average,  and 
maximum  on  his  western  trips.  This  condition  holds  true  for  five 
out  of  the  seven  men  reported  as  operating  local  cars.  On  the 
westbound  trips,  Young  made  his  minimum  trip  with  112  k.w.h.^ 
which  is  the  least  of  all,  and  his  maximimi  trip  was  145  k.w.h., 
which  is  the  highest  of  all.  Here  again  we  have  the  same  man 
making  the  best  and  the  worst  record,  due  in  this  case,  probably, 
as  in  others  to  local  conditions  existing  at  the  time.  From 
observation  of  the  way  in  which  different  motormen  handled 
their  cars,  it  seemed  that  where  indicating  instruments  were 
moimted  on  a  car,  the  general  energy  consumption  of  the  car 
improved.  The  ammeters,  voltmeters  and  recording  watt- 
meters had  not  long  been  placed  in  the  cabs  of  the  different 
cars  before  the  motormen  began  to  study  the  behavior 
of  their  cars  with  different  conditions  of  starting,  and  rivalry 
sprang  up  among  them  which  was  very  gratifying  to  notice,  each 
man  trying  to  make  his  runs  with  the  least  amount  of  energy 
consumption  and  the  least  maximum  current  indicated  by  his 
ammeter.  For  this  reason  it  is  believed  that  the  results  which 
are  here  reported  show  a  performance  over  this  system  quite  up 
to,  if  not  better,  than  the  usual  performance,  owing  to  the  fact 
that  the  men  were  so  quick  to  take  advantage  of  the  new  condi- 
tions. The  test  on  the  first  day  of  the  general  series,  April  17th, 
has  been  presented  here  for  the  reason  that  the  men  were  less 
accustomed  to  the  instruments  and  therefore  working  more 
nearly  under  their  usual  habit.  They  were  given  no  instructions 
whatever  for  the  handling  of  their  cars  and  any  change  which 
they  may  have  made  in  operating  them  was  entirely  due  to  their 
own  ideas  in  the  premises.  In  the  case  of  the  limited  runs,  results 
are  given  for  but  two  men ;  however,  they  are  sufficiently  great  in 
number  to  indicate  quite  accurately  the  character  of  their  per- 
formance. Frasier  produced  results  with  a  less  consumption  of 
power  than  did  Motsie,  his  maximum  and  minimum  being  nearer 
his  average  than  in  the  case  of  Motsie.  This  would  seem  to 
indicate  that  whereas  in  the  case  of  any  one  man  conditions 
existing  at  the  time  of  a  run  to  a  great  extent  modify  the  power 
consumption  of  the  car,  nevertheless,  a  given  man  may  be  able 
to  operate  his  car  under  the  same  conditions  as  some  other  man 
with  a  less  energy  consumption.  These  differences  can  be  more 
readily  detected  in  the  case  of  the  limited  runs  than  in  the  case 
of  the  local  runs,  for  the  reason  that  variables  other  than  those 
of  th3  personality  of  the  motorman  are  to  a  greater  extent 
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eliminated;  the  stops  are  less  frequent,  the  speeds  more  uniform 
and  conditions  altogether  less  subject  to  change  during  different 
runs. 

Special  Car  Tests. 

The  special  car  tests  were  undertaken  with  the  special  object 
in  view  of  ascertaining  as  to  how  nearly  the  car  equipments  were 
being  worked  up  to  their  rated  capacity,  inasmuch  as  the  heating 
of  a  motor,  performing  a  given  character  of  work,  has  all  to  do 
with  its  capacity  for  accomplishing  a  greater  or  lesser  amoimt  of 
this  work.  The  first  point  to  be  considered  in  connection  with 
such  tests  is  the  arranging  of  adequate  means  for  accurately 
determining  the  cycle  of  current  fluctuations  and  the  tempera- 
tures  of  the  windings  and  cores.  In  street  railway  service  motors 
are  subjected  to  more  variable  conditions  than  are  ordinarily  to 
be  found  in  industrial  plants,  and,  consequently  it  is  very  much 
more  difficult  to  predict  the  exact  effect  upon  the  motor  of 
operating  it  for  propelling  a  car  over  a  given  road  than  it  is  to 
predict  the  capacity  of  a  motor  for  the  handling  of  a  certain  load 
in  stationary  practice. 

To  equip  a  car  to  make,  the  necessary  instrumental  observa- 
tions is  no  small  task.  In  the  case  of  the  present  tests,  the 
desired  result  was  accomplished  only  after  the  experimenters  had 
experienced  considerable  trouble  and  overcome  many  obstacles. 

In  all,  three  cars  were  tested ;  numbers  237,  252  and  255.  Car 
number  237  has  a  total  weight- of  51,650  pounds,  38,150  pounds 
being  in  the  car  body,  trucks,  etc,  and  13,500  pounds  being  in 
the  electrical  equipment ;  all  of  this  weight  came  directly  on  the 
driving  wheels.  As  these  cars  are  always  operated  in  the  same 
direction  and  have,  therefore,  the  controlling  apparatus  stationed 
at  the  forward  end,  this  end  weighed  650  poimds  more  than  the 
rear  end.  The  motors  of  this  equipment  were  geared  in  the 
ratio  of  30:52;  the  car  wheels  having  a  diameter  of  32 J  inches. 
The  car,  as  equipped,  has  a  length  of  about  40  feet.  This  type 
of  car  is  used  by  the  Union  Traction  Company  chiefly  on  its 
northern  lines  between  Anderson,  Marion  and  El  wood. 

Car  number  252  is  of  a  type  more  common  on  this  system  and 
has,  in  fact,  already  been  described  in  part.  It  is  52  feet  6  inches 
long.  Its  weight  is  63,100  pounds,  of  which  50,300  pounds  is  in 
the  car  body,  motor  truck,  etc.,  and  12,800  in  the  electrical 
equipment.  Of  tl.is  weight  40,300  pounds  was  carried  on  the 
driving  wheels.  Tlic  motors  were  geared  with  a  ratio  of  20:61; 
the  wheels  being  34  ^  inches  in  diameter. 
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Car  number  255  is  similar  to  car  number  252  except  that  the 
ratio  jf  the  gearing  has  been  changed  from  20:51  to  23:48.  The 
object  of  this  change  in  the  gearing  was  to  determine  the  effect 
upon  the  motors  of  working  them  up  to  a  higher  capacity  and  in 
improving  the  schedule  of  operation  of  the  cars. 

In  conducting  the  tests,  each  of  the  cars  was  in  turn  equipped 
with  a  Thompson  indicating  wattmeter  placed  in  the  main  cir- 
cuit to  indicate  the  power  consumption.  A  specially  calibrated 
Thompson  wattmeter  was  in  addition  arranged  to  indicate  the 
power  lost  in  the  field  of  one  of  the  motors.  The  object  of  so 
arranging  this  instrument  was  to  enable  a  determination  to  be 
made  of  the  square  root  of  the  mean  square  value  of  the  current. 
In  the  case  of  each  of  the  motors  this  instrument  was  adjusted 
to  meet  the  special  requirements. 

For  ascertaining  the  speed  of  the  car  a  small  magneto  generator 
was  used  belted  to  the  car  axle  in  connection  with  a  calibrated 
voltmeter.  In  addition,  definite  determinations  were  also  made  of 
the  instantaneous  value  of  the  current,  of  the  line  voltage  and 
of  the  voltage  at  the  terminals  of  one  of  the  motors.  Readings 
were  taken  continuously  during  any  one  trip,  the  trips  extending 
from  Indianapolis  to  Muncie  going  east  and  from  Muncie  to 
Indianapolis  going  west. 

The  cars  were  kept  in  the  usual  service  of  the  road  and  an 
effort  made  to  prevent  the  tests  from  interfering  in  any  way  with 
the  normal  operation  of  the  car^.  During  times  of  acceleration 
or  retardation,  records  were  made  at  intervals  of  about  five 
seconds,  but  at  times  of  uniform  speed  the  intervals  between 
readings  were  made  of  a  longer  duration,  from  fifteen  to  twenty 
seconds. 

Temperature  measurements  were  made  both  by  the  increase 
in  resistance  method  and  with  thermometers.  The  temperature 
measurements,  however,  were  successful  only  to  the  extent  of 
determining  the  effect  of  the  degree  of  average  work  to  which 
the  motors  were  subjected. 

In  discussing:  the  tests  no  attempt  will  be  made  to  review  the 
results  in  detail  further  than  is  necessary  to  bring  out  certain 
points  which  are  deemed  of  interest  in  connection  with  the  per- 
formances of  cars. 

As  of  the  motors  tested  those  of  cars  252  and  255  are  most 
Important,  their  characteristics  are  given  in  Fig.  '^.  These  motors 
are  of  the  type  No.  50  C,  rated  at  150  h.p. 

The  running  logs  of  cars  252  and  237,  which  were  tested  in  the 
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spring  of  1902,  are  given  in  Figs.  10,  11  and  12,  and  also  in  Tables 
numbered  from  12  to  18.  Table  12  is  a  summary  of  the  results 
of  a  test  made  upon  car  237  in  local  service.  From  this  data  it 
will  be  noted  that  coltunns  A  and  D  give  the  k.w.h.  per  car  mile, 
and  contain  values  which  do  not  differ  materially  from  the 
averages  of  Tables  V.  and  VI.  The  east  botmd  nm' shows  an 
average  consumption  per  car  mile  of  2.48  k.w.h.  and  the  west 
boimd  nm  an  average  of  2.27. 


fiOO    20 


S50     aoo 

Amperes 
Owvt  No.SSlO        W.EL  *  M.  Go.        C-19-01. 

Fig.  7. 

In  columns  B  and  C  are  given  the  determinations  of  the  square 
root  of  the  mean  square  value  of  the  current  in  the  motors 
between  stations  and  for  the  total  trip.  The  column  headed 
"  ratio  of  B/A  '*  gives  the  ratios  of  the  data  in  column  B  to  that 
in  column  A,  In  the  same  way  the  column  headed  '*  ratio  C/D  " 
gives  the  ratios  of  the  values  in  coluiTin  C  to  the  values  in  column 
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Fig.  ><.—  Motor  Diagram,  Car  No.  237. 
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D.  That  is,  these  columns  give  the  ratio  of  the  square  root  of 
tlie  mean  square  current  to  the  k.w.h.  per  car  mile.  These  ratios 
give  an  indication  of  the  proportional  heating  effect  of  the  power 
delivered  from  the  feeders  under  the  variable  conditions  of  opera- 
tion. 

For  present  purposes,  since  the  weights  of  the  cars  are  known, 
the  ratio  taken  between  the  square  root  of  the  mean  square  cur- 
rent and  the  car  mile  consumption  gives  an  estimate  of  what  may 
be  termed  the  running-factor  of  the  car  equipment.  Should  the 
ratio  be  taken  between  the  square  root  of  the  mean  square  of  the 
current  and  the  k.w.h.  per  motor  mile,  the  value  obtained  may  be 
termed  the  running-factor  of  a  motor.     The  latter  value  is  best 


adapted  to  purposes  where  it  is  desired  to  make  comparisons  of  a 
large  number  of  motor  equipments. 

In  the  present  instance  it  will  be  noticed  that  the  running- 
factors  of  Table  XII.  do  not  vary  greatly  in  value ;  they  remain 
almost  constant  for  nms  between  towns  which  may  be  consid- 
ered as  presenting  anything  like  similar  conditions  of  operation. 

In  Table  XIII.  we  have  a  similar  accumulation  of  data  for  a 
complete  round  trip  made  by  car  252.  Here  the  ratios  are  much 
more  variable  than  are  those  in  Table  XII.  This  is  due  to  the 
fact  that  on  this  particular  run  car  252  was  subjected  to  a  very 
unusual  schedule,  as  in  all  62  stops  were  made.  The  ratios 
of   the    west    botind    run    are    much    mo.e    constant    than 
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TABLB  XII] 

Local  Run 

OF  Car  252. 

BABT   BOUND. 

WBST  BOUND. 

K.^?H. 

Sq,Root 
lifean 

Ratio. 

Ratio. 

Sq.Root 
Mean 

(D) 
K.W.H 

Station. 

StarU. 

Per 

B 

C 

Per 

Starts 

Car 

Sq.  Cur. 

— 

-  - 

Sq.  Cur. 

Car 

Mile. 

A 

D 

Mile. 

Indtaaapofia  . . 

Siding  37 

8 

4.20 

97.5 

23.2 

33.0 

85.5 

2.59 

7 

8 

3.45 

106.0 

30.7 

38.0 

89.0 

2.34 

3 

Lawrence  .... 

6 

3.32 

107.2 

32.3 

39.6 

78.0 

1.97 

1 

Oaklandon  .   . 

2 

2.63 

97.9 

37.2 

41.7 

82.5 

1.98 

8 

llcCordavine... 

a 

6.30 

95.0 

15  0 

41.0 

97.0 

2.37 

4 

Portville 

Ingalli 

3 

1.72 

98.4 

57.2 

36  2 

91.9 

2.54 

2 

2 

5.78 

124.0 

21.5 

36.7 

81.8 

2.32 

2 

Pendleton  .... 

14 

6.17 

109.0 

21.1 

34.4 

87.5 

2.55 

8 

Andenon 

6 

3.52 

98.9 

28.1 

46.7 

95.8 

2.05 

4 

Cheaterfiekl... . 

2 

2.74 

128.0 

46.7 

36.9 

86.0 

2.33 

1 

Daleville 

3 

2.82 

73.9 

26.2 

36.7 

78.9 

2.15 

3 

Yorktown 

6 

2.94 

116.1 

39.5 

32.4 

105  4 

3.25 

6 

Mnnde 

Total  Trip  .. 

62 

3.12 

98.4 

31.6 

37.8 

92.1 

2.44 

44 

K  W.H.  t 

ler  ton  in 
per  trips, 

le.     89.  £ 
176.- 

i 

67 

0 

K.W.H. 

I 

138. 

0 



An  allowance  of  45  XMSsengers  is  made  per  trip,  at  an  estimated  weight  of  3.00  tons. 
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TABLE  XIV. 
Limited  Run  of  Car  No.  237t 


BAST  BOUND. 

WBST  BOUND. 

(A) 
K.W.H. 

Sr  Root 

Ratio 

Ratio 

Sq.  Root 
Mean 

K.W.H. 

Statlo  . 

Starts. 

Per 

Mean 

B 

C 

Per 

Car 

Mile. 

Sq.  Cur. 

A 

D 

Sq.  Cur. 

Car 

Mile. 

Start!. 

Indianapolis  . . 

10 

2.86 

49.5 

17.3 

19.7 

46.9 

2.38 

Siding  27 

2 

2.19 

7S.2 

35.7 

25.1 

44.2 

1.76 

Lawrence 

0 

1  66 

37  8 

22.8 

Oaklandon  ... 

25.9 

31.6 

1.22 

0 

1.61 

35.5 

22.0 

McCocdsviUe... 

1 

1.34 

41.0 

30.6 

18.4 

45.7 

2.48 

Portville 

Ingalli 

0 

1.80 

40.8 

21.6 

21.5 

38.3 

1  78 

0 

1.41 

38  4 

27.2 

20.4 

44.0 

2  16 

Pendleton  . . . 

1 

1.02 

45.6 

23.8 

23.9 

45.0 

1.88 

Anderson 

4 

2.25 

80.3 

35.7 

24.6 

51.0 

2.00 

Chesterfield.... 

0 

1.02 

45.0 

23.0 

20.7 

41.1 

1.99 

Dakville 

1 

1.87 

48.3 

25. S 

23.9 

41.9 

1.75 

Yorktown 

1 

2.23 

50.5 

22.6 

2.23 

53.5 

2.40 

Munde 

Total  Trip... 

20 

2.02 

46.0 

23.6 

22.8 

44.4 

1.96 

» 

K  W.H.  ] 

per  ton  m 
per  trip. 

ile    60  8 
114.2 

67 

5 

K.W.H. ! 

....110 

2 

An  allowance  of  30  paivengers  is  made  per  trip,  at  an  estimated  weight  of  2.25  tons 


TABLE  XV. 
LiMiTBD  Run  of  Car  252. 


BAST    BOUND. 

WBST   BOUND. 

Sution. 

Starta. 

10 
5 
3 

18 

K.W.H. 
Per 
Car 
Mile. 

Sq,  Rt. 

dean 

Sq.  Cur. 

Ratio. 
B 

A 

Ratio. 

c 

D 

Sq.Cur 

'D) 
K.W.H. 
Per 
Car 
Mile. 

Startsw 

Indianapolis 

Siding  27 

Siding  15 

Muncie 

3.14 
2.23 
2.37 
2.32 

102.2 
&3.5 
88.1 
87.2 

32.6 
37.5 
37.6 
.^.6 

30.0 

89. r 

35.3 
36.4 

36.2 

84.1 
72  6 
86.2 
78.9 

78.0 

2.80 
1.83 
2.44 

2.17 

2.10 

Total  Trip  .... 

IS 

K.W.H.  per  too  mile, 
K.W.H.  per  trip. 


67.5. 
131.2. 


60.3 
.  118.8 


An  aUofwanre  of  90  pMsengers  is  made  per  trip,  at  an  estimated  weight  oC  2.25  tons- 
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those  for  the  east  bound  run.  During  this  part  of  the  trip  condi- 
tions more  neariy  approximating  the  normal  existed. 

In  Table  XIV  we  have  data  bearing  upon  a  complete  round  trip 
made  by  car  237  in  limited  service.  The  chief  differences  to  be  noted 
here  by  comparison  with  the  data  given  in  Table  XII  are  that  owing 
to  the  more  uniform  conditions  of  operation  the  ratios  or  running- 
factors  are  very  imiform  indeed,  departing  in  general  only  to  a 
slight  degree  from  the  total  trip  nmning-factors  given  at  the 
bottom  of  the  table. 

Table  XV.  is  a  statement  of  the  results  obtained  on  a  limited 
run  upon  car  252.  Here  it  is  seen  that  the  ratios  or  running- 
factors  are  also  comparatively  constant,  except  where  the  car  is 
operated  within  the  limits  of  Indianapolis.  Here  the  ratios  are 
reduced  somewhat;   this  is  common  in  all  similar  urban  runs. 
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For  the  purpose  of  presenting  the  data  more  clearly  an  ex- 
•panded  statement  of  it  is  made  in  Table  XVI.  for  the  western 
botmd  trip  of  car  237,  mentioned  in  connection  with  Table  XII." 
Here  the  time  between  points,  starts  between  points,  distance 
between  points,  average  speed  maintained  between  points,  maxi- 
mum speed  between  points,  k.w.h.  per  car  mile,  nmning-factor, 
the  square  root  of  the  mean  square  of  the  current,  maximum  cur- 
rent and  minimum  volts  on  the  line  between  points,  are  recorded. 
On  this  trip  car  237  attained  to  a  maximum  speed  of  43  miles  an 
hour  running  from  Daleville  to  Yorktown.  Between  these  two 
points  but  one  start  was  made  and  an  average  speed  of  38  m.p.h. 
was  maintained.  During  this  run  therefore  the  maximum  speed 
was  but  13  per  cent,  in  excess  of  the  average  speed.  Again  the 
data  tells  us  that  although  the  k.w.h.  per  car  mile,  1.9,  is  loW; 
still,  since  the  minimum  voltage  on  the  line  is  high,  and  the  maxi- 
mum current,  325  amperes,  moderate,  the  conditions  in  general 
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are  favorable  for  an  especially  low  square  root  of  the  mean  square 
current.     Accordingly,  the  running-factor  has  a  high  value,  22. 

On  the  run  from  Anderson  to  Chesterfield  on  the  other  hand, 
the  k.w.h.  per  car  mile  is  2.98  for  a  like  distance  of  5.1  miles,  seven 
stops  were  made  and  a  maximum  speed  was  attained  of  42  m.p.h. 
However,  the  average  speed  was  only  20  m.p.h.  or  less  than  one- 
half  of  the  maximum  speed.  These  conditions,  therefore,  have  a 
tendency  to  increase  unduly  the  square  root  of  the  mean  square 
current  value,  which  is  brought  up  to  50.  In  this  case,  then* 
owing  to  the  fact  that  the  maximtim  current  is  higher  and  the 
minimum  current  lower  than  in  the  first  case  cited,  and  further- 
more, owing  to  the  fact  that  during  periods  of  starting  a  good  deal 
of  power  is  absorbed  in  the  starting  resistance,  the  k.w.h.  per  cat 
mile  increases  faster  than  the  square  root  of  the  mean  square 
current  value,  and  consequently  we  get  a  very  low  value,  17,  for 
the  nmning-f actor.  Where  a  good  equipment  is  considered,  the 
running-factor  gives  a  fairly  good  idea  of  the  conditions  which 
obtain. 

In  this  test  the  maximum  value  of  the  running-factor,  46,  is  15 
per  cent,  higher  than  the  average  value.  The  minimum  value, 
17,  is  15  per  cent,  lower.  Frequent  stops,  other  things  being 
equal,  have  the  effect  of  lowering  the  nmning-factor.  It  is  also 
true  that  the  maximum  current  attained  and  the  average  mini- 
mum voltage  under  which  the  cars  operate  are  important  items  in 
modifying  it. 

In  Table  XVII.  results  are  given  similar  to  those  recorded  in 
Table  XVI.  for  a  run  between  Indianapolis  and  Muncie  of  car 
252  on  local  service.  The  number  of  stops  made  by  car  250  on 
this  trip  is  high  and  on  arriving  at  Muncie  it  was  23  minutes 
overdue.  The  car  constmiption  per  car  mile,  3.12  k.w.h.,  foi 
this  run  is  the  highest  obtained  at  any  time  during  the  tests  and 
in  itself  shows  the  unfavorable  conditions  under  which  the  car 
was  operating.  It  was  frequently  required  to  lay  over  on  sidings 
and  in  addition  to  make  a  great  many  intermediate  stops.  These 
unfavorable  conditions  are  shown  by  the  excessively  high  car 
consumption  between  McCordsville  and  Fortville,  where  a 
maximum  consumption  per  car  mile  of  6.3  k.w.h.  occurs.  The 
average  car  constmiption  between  these  points,  as  shown  by 
Table  V.,  is  but  2  k.w.h.  per  car  mile.  Again  in  running  between 
Ingalls  and  Pendleton  we  have  5.8  k.w.h.  per  car  mile,  against 
an  average  vaiue  again  of  2  k.w.h.  per  car  mile  in  Table  V.  We 
also  find  that  the  average  voltage  at  the  motor  terminals  through 
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TABLE  XVIII. 

Variations  in  Linb  Voltaob  Bbtwbsn  Stations  During  East  and  Wbst  Trips  of  Cab 

No.  252. 


Station. 

Line  Voltage  Going  East. 

Line  Voitsge  Going  West. 

Mia 

Ave. 

Max. 

Min. 

Ave. 

Max. 

IndiRiutpoHs  ••..•■ 

Siding  27 

3G5 
355 
350 
320 
400 
440 
335 
300 
410 
485 
360 
380 

456 
446 
475 

422 

483 
477 
406 
495 
523 
491 
457 

590     . 
585 

580 
545 
520 
575 
580 
550 
570 
546 
560 
565 

335 
310 
350 
330 
330 
335 
410 
300 
335 
515 
350 
475 

418 
442 
453 
450 
412 
482 
450 
406 
403 
540 
493 
496 

460 

Lftwrence 

580 

OaklMi'lnn 

540 

540 

Poitville 

540 

I?igft1H    

535 

535 

Anderson , . .  x . 

540 

Chesterfield 

660 

DaleviUe 

660 

576 

Munci^ 

555 

TABLE  XIX. 
Tempbratuvb  R'sb  op  Motors  pbr  Round  Trip. 


Number  of  Car. 

Sq.  Root 
Mean  Sq. 
Current. 

Temperature  above  Atmosphere,  Degrees  C. 

Arm  No.  1 

Arm  No.  2 

Field  No.  1. 

Field  No.  2. 

252 
252 

Average. 

83 
93 

88 

43.5 
45.0 

44.3 

57.5 
59.5 

58.5 

41.0 
38.5 

397 

69.5 
48.5 

51.0 

237 
2.37 

Average 

47 
45 

46 

40  5 
39.5 

40.0 

^  0 
36.5 

87.7 

33.5 
29.5 

31.6 

St. 5 
29.5 

32.0 
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that  this  run  was  qtiite  low,  the  average  minimum  being  820  volts 
between  Pendleton  and  Anderson. 

It  is  not  surprising  therefore  that  the  running-factor  varies 
considerably  in  these  tests.  The  value  for  the  trip  is  32,  which 
is  low  for  this  car  equipment ;  normally  it  nms  as  high  as  37.  The 
lowest  value  of  the  nmning-f  actor  is  15  between  McCordsville  and 
Fortville.  This  is  less  than  half  of  what  it  should  be.  The  high- 
est value  is  57,  between  Fortville  and  Ingalls,  which  is  35  per 
cent,  higher  than  it  should  be  under  normal  working.  The  low 
value,  15  is  due  to  the  fact  that  the  maximum  speed  is  not  much 
in  excess  of  the  average  speed  value,  the  maximum  current  values 
relatively  low  and  both  the  mhiimtmi  and  average  voltage  values 
low,  the  former  being  400  and  the  latter  422. 

In  the  case  of  the  run  between  Fortville  and  Ingalls,  the  maxi- 
mum speed  attained  is  nearly  twice  the  average  speed  and  the 
voltage  is  high ;  also  the  average  voltage  and  the  maximum  cur- 
rent values  are  high.  Low  voltage  invariably  has  the  effect  of 
decreasing  the  running-factor,  whereas  high  voltage  increases  it. 
Notable  examples  may  be  taken  for  low  values  in  the  case  of  the 
run  between  McCordsville  and  Fortville  and  between  Pendleton 
and  Anderson.  In  these  cases  as  shown  in  Table  XVIII.,  the 
average  voltage  was  respectively  422  volts  and  406  volts.  Ex- 
amples of  high  values  in  the  running-factor  occur  between 
Fortville  and  Ingalls,  57,  and  between  Chesterfield  and  Daleville, 
47.  In  these  cases  the  average  voltages  were  respectively  483 
and  523. 

It  is  not  meant,  however,  that  the  voltage  should  be  taken  as 
the  onh/  criterion  for  variations  in  the  running-factor.  The 
mmiber  of  starts,*  the  maximum  and  average  speeds  and  the  cur- 
rent peaks  also  have  much  to  do  with  it.  In  considering  the 
records  of  the  cars  on  these  special  tests  it  is  not  so  much  a  matter 
of  surprise  that  variations  should  occur  in  the  running-factor  as 
that  under  the  variable  conditions  of  actual  service  the  running- 
factor  should  remain  for  the  majority  of  the  runs  so  nearly  con- 
stant. 

In  Tables  XIII.  and  XV.  we  see  that  during  the  east  bound 
local  run  of  car  252,  although  44  stops  were  made,  the  running- 
factor  does  not  vary  materially  from  the  running-factor  given  for 
the  limited  runs  on  this  car  both  east-bound  and  west-bound.  Of 
course  during  the  limited  tests  the  conditions  which  obtained 
were  fairly  uniform  and  therefore  uniformity  in  the  values  of  the 
running-factor  should  be  expected.     In  the  local  nms  this  is  not 
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the  case.  However,  Table  XIII.  shows  that  with  variations  in 
the  k.w.h.  per  car  mile  of  from  2.64  to  2.15  or  through  a  variation 
of  18  per  cent.,  the  running-factor  is  practically  the  same. 

A  comparison  of  the  values  given  in  Tables  XII.  and  XIV. 
show  even  better  results  than  these.  In  these  tables  it  will  be 
found  that  numerous  values  of  car  consumption  ranging  from 
1.61  k.w.h.  per  car  mile  to  3.27  k.w.h.  per  car  mile  can  be  picked 
out,  giving  a  running-factor  of  22.  This  is  a  variation  in  power 
consumption  per  car  mile  of  over  100  per  cent. 

In  making  definite  suggestions  with  reference  to  the  ratio, 
which  for  want  of  abetter  term  has  been  called  a  'Wunning- 
f actor  "  it  is  not  meant  to  brin^  it  forward  as  more  than  a 
means  of  getting  some  mental  conception  of  what  the  conditions 
were  which  obtained  during  the  special  limited  and  local  tests. 
When  a  large  amount  of  data  is  accumulated,  it  is  frequently  a 
matter  of  some  difficulty  to  arrange  it  so  as  to  admit  of  intelligent 
comparisons  being  drawn  between  different  sets  of  results,  and 
anything  which  enables  one  to  obtain  a  mental  grasp  of  the  situa- 
tion is  to  be  welcomed. 

That  the  running-factor  should  in  most  cases  be  fairiy  constant 
under  variable  conditions  of  operation  may  be  explained  as 
follows.  At  times  when  a  car  is  starting  the  P  r  losses  in  the 
windings  are  large,  owing  to  the  high  starting  current,  and  the 
core  losses  low,  owing  to  the  low  speed.  Therefore  during  the 
starting  periods  the  P  r  losses  dominate  among  the  variable 
quantities  in  the  measure  of  the  total  losses  occurring  in  the 
motor.  When  a  car  has  attained  speed  and  uniform  conditions 
of  running  have  been  reached,  for  instance  on  a  level  stretch  of 
track,  since  the  current  values  decrease,  the  P  r  losses  fall  to  a 
normal  value  and  the  iron  losses  rise  to  a  normal  value  at  the 
same  time.  When  operating  under  constant  voltage  the  elec- 
trical energy  delivered  to  the  motors  from  the  line  is  proportional 
to  the  current,  but  during  the  starting  periods  and  when  the  high 
points  of  the  P  r  losses  are  most  important,  the  least  amount  of 
electrical  energy  supplied  is  being  effectively  utilized  by  the 
motors  on  account  of  the  starting  resistances  and  the  fact  that 
the  motors  are  working  at  a  point  of  low  efficiency.  Conse- 
quently, a  temporary  increase  in  the  P  r  losses  means  also  a  tem- 
porary increase  in  the  power  supplied  to  the  motors  per  unit  of 
distance  traversed,  and  we  have,  in  a  crude  way,  the  variations 
in  the  power  supplied  per  car  mile  follo^'ing  the  variations 
in  the  heating  value  of  the  current. 
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Since  the  wattmeter  connected  in  the  field  circtiit  gives  the 
square  root  of  the  mean  square  of  the  current  values  and  the 
wattmeter  connected  in  the  power  circuit  registers  a  value  in 
excess  of  the  average  power  delivered  to  the  motors,  it  follows 
(curiously  enough)  that  the  ratios  of  the  two  wattmeter  readings 
taken  under  widely  different  conditions,  in  different  cases,  are 
practically  constant.  This  is  an  interesting  fact  if  not  a  valuable 
one. 

In  comparing  the  running-factors  of  the  two  cars  on  the  basis 
of  k.w.h.  per  motor  mile,  instead  of  per  car  mile,  it  must  be 
remembered  that  car  number  252  is  equipped  with  two  motors 
which  operate  in  parallel  under  normal  conditions;  whereas 
car  number  237  is  equipped  with  four  motors  operating  in  par- 
allel under  normal  conditions.  The  running-factor  values  given 
in  connection  with  car  237  are  therefore  only  one  fourth  as  large 
as  they  should  be,  and  those  given  in  connection  with  car  number 
252  only  half  as  large  as  they  should  be  for  comparison  on  a 
k.w.h.  per  motor  mile  basis.  That  it  is  fair  to  assume  an  equal 
division  of  the  current  between  the  motors  of  the  equipment  of 
<:ar  237  is  shown  by  the  curves  shown  in  Fig.  9.  The  data  for 
these  curves  were  obtained  during  a  special  run  to  determine 
the  division  of  current  between  the  motors  of  this  equipment. 
Although  the  division  is  not  quite  exact,  yet  it  is  sufficiently 
so  for  present  purposes. 

Following  through  the  calculation,  we  find  that  the  average 
running-factor  per  motor  mile  of  the  motors  of  the  equipment  of 
car  237  is  86.0  and  the  average  running-factor  of  the  motors  of 
<:ar  252,  is  74.4.  From  this  we  would  expect  that  for  a  given 
schedule  the  motors  of  car  237  v/ill  heat  up  more  than  will  the 
motors  of  car  252  under  the  same  conditions  of  service.  This, 
however,  is  not  the  case,  as  is  shown  in  Table  XIX.,  which  gi^es 
the  temperature  rise  of  the  motors  on  both  cars  after  single  round 
trips  between  Muncie  and  Indianapolis. 

From  Table  XIX.  it  is  seen  that  the  armatures  of  the  equip- 
ment of  car  252  nm  about  14®  hotter  than  do  the  armatures  of 
car  237  and  that  the  fields  of  the  motors  of  car  252  run  about  15° 
hotter  than  do  those  of  car  237.  This  difference  is  more  than 
likely  due  to  the  fact  that  the  smaller  motors  have  greater  radi- 
ating surface  per  imit  of  power  developed.  In  fact,  the  common 
condition  in  motor  design  is  that  less  trouble  is  experienced  in 
supplying  sufficient  radiating  surface  for  smaller  motors  than  in 
supplying  the  proper  radiating  surface  for  large  motors. 
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It  is  interesting  to  notice  that  of  the  motors  on  car  252,  since 
No.  1  motor  receives  most  of  the  breeze  catised  by  the  motion  of 
the  car,  it  being  the  one  nearest  the  front,  temperature  of 
motor  No.  1  is  lower  than  of  motor  No.  2.  In  fact  it  has  the 
advantage  of  motor  No.  2  by  about  12®. 

In  the  matter  of  economic  operation,  car  252  shows  a  higher 
economy  than  does  car  237.  On  the  local  trips  car  237  con- 
sumed from  78  to  83  k.w.h.  per  ton  mile,  the  starts  per  trip  being 
48  and  50  for  the  two  runs  respectively.  Car  252  during  its  local 
trips  showed  a  car  consumption  of  67  and  89  k.w.h.  per  ton  mile, 
the  starts  being  44  and  62  per  trip  respectively.  Comparing  the 
trips,  in  which  the  number  of  starts  are  the  same,  car  252  shows 
up  the  best.  In  the  limited  trips  the  same  result  is  apparent. 
As  shown  in  Tables  XIV.  and  XV.,  car  237  took  an  average  of 
68.6  k.w.h.  per  ton  mile  with  an  average  of  18  stops  for  the  two 
trips,  whereas  car  252  consumed  an  average  of  63.9  k.w.h.  per 
ton  mile.  The  average  number  of  stops  of  the  latter  car  was  15. 
'  The  differences  here  brought  out  are  not  great,  and  a  more 
extended  test  of  the  two  cars  would  probably  show  that  in  general 
operation  they  have  much  the  same  power  consumption. 

In  Fig.  10  curves  are  given  to  illustrate  the  rate  of  power  con* 
sumption  of  cars  252  and  237  on  local  runs  between  Indianapolis 
and  Muncie.  No  particulars  that  are  especially  worthy  of  note 
are  developed  by  these  curves  except  that  car  252  shows  a  more 
uniform  car  consumption  than  does  car  237,  on  both  trips.  When 
the  cars  were  bound  east,  car  252  consumed  the  greatest  amount 
of  power  whereas  on  the  western  trips  car  237  shows  a  greater 
power  consumption. 

Inasmuch  as  the  special  tests  made  on  cars  237  and  252  devel- 
oped the  fact  that  the  limit  of  adhesion  had  not  been  approached 
in  any  of  the  tests,  one  of  the  equipments  (car  255)  of  the  type 
used  on  car  252  was  furnished  with  a  new  set  of  gears  making  the 
gear  ratio  23:48  instead  of  20:50.  The  conditions  under  which 
car  255  was  operated  makes  it  difficult  to  compare  its  perform- 
ance with  that  of  either  the  limited  or  local  runs  made  by  the 
regular  cars.  The  record  of  the  tests  of  car  number  255  discussed 
here  was  taken  during  a  complete  round  trip.  The  instruments 
and  observers  were  arranged  in  substantially  the  same  manner 
as  for  the  other  special  tests  and  the  results  of  the  test  over  the 
distance  from  Muncie  to  Anderson  are  plotted  in  Fig.  13.  In 
Figs.  11  and  12  curves  are  given  for  local  tests  on  cars  252  and 
237  over  the  same  distance.    These  curves  make  the  relative  per- 
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formance  of  the  different  cars  apparent  without  undue  explana- 
tion. 

Under  the  ordinary  conditions  of  local  service  starts  are 
made  about  once  in  every  one  and  one-half  miles.  In  the  test 
trip  of  car  number  255,  starts  were  only  made  at  the  principal 
towns  along  the  route.  In  comparing  therefore  this  test  with 
the  special  tests  of  car  number  252  we  find  that  in  local  service 
car  number  252  made  less  starts  than  did  car  number  255,  and  in 
limited  service  made  more.  A  resume  of  the  performance  of  cars 
255  and  252  is  given  in  Table  XX.     From  this  table  it  is   very 


TABLE  XX- 

COMPARISON  OF  CaK  TBSTS. 


Number  of  car 

Service,  west  bound 

Weight 

Gear  ratios 

Total  time  trip,  min 

Time  urban  work,  min 

Time  interurban  work,  min 

Average  speed  for  trip,  m.p.h 

Average  urban  speed,  m  p.h 

Average  interurban  speed,  mph 

Total  starts 

Urban  starts 

Interurban  starts 

Maximum  speed,  m.p.h 

Running  speeds 

Running  currents 

Train  resistance  corresponding  lbs.  per  ton 

Time  to  reach  25  m.p.h 

Acceleration  current,  max.  series 

Acceleration  current,  max.  par 

Consumption,  k.w.h..  p.c.m..  west 

Consumption  k.w.h..  p.c.m..  east 

Sq.  root  mean  sq.  current,  west 

Sq.  root  mean  sq.  current,  east 

Running  factors,  west 

Running  factors,  east 

Average  voltage,  west 

Total  consumption  k.w.h.,  west 

Total  consumption  k.w.h..  east 


255 

252 

semi-limited 

local 

63.100 

63.100 

23:48 

2061 

122 

156 

44 

40 

78 

116 

28 

22 

8 

0 

30 

26 

18 

44 

5 

15 

13 

29 

64 

52 

50-56 

40-45 

173 

145 

27.7 

19  9 

30 

30 

280-340 

200-300 

320-540 

250-300 

2.20 

2.44 

2  38 

2  80 

85-6 

92.1 

106.5 

98  4 

43.5 

37  8 

43  3 

31.5 

4*5 

429 

124.9 

138.0 

134.3 

176.2 

252 
limited 
63.100 
20  51 
126 
34 
92 
27 
10 
33 
12 
7 
6 

40-45 

145 

19  9 

30 

200-300 

250-300 

2.10 

2  32 

78.0 

87.2 

36  2 

37.6 

118.8 
131.2 


evident  that  the  change  in  the  ratio  of  the  gears  produces  a  car 
capable  of  very  much  more  efficient  operation,  in  that  its  con- 
sumption per  car  mile  is  about  the  same  as  that  of  car  number  252 
whereas  the  speeds  attained  and  maintained  by  the  car  are  very 
much  in  excess  of  the  local  and  limited  service  performance  of 
car  number  252.  In  this  special  run  car  number  255  maintained 
an  average  speed  of  28  m.p.h.  between  the  stations  in  Muncie  and 
IndianapoHs.  Car  number  252  maintained  an  average  speed  of 
22  m.p.h.  in  the  local  service  and  an  average  speed  of  27  m.p.h.  in 
limited  service  between  the  stations  in  Muncie  and  Indianapolis. 
If  tl  e  time  during  which  the  cars  are  passing  through  Muncie, 
Indianapolis  and  Anderson  is  deducted,  we  find  that  the  average 
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speed  maintained  by  car  number  255  dtiring  the  interurban  run 
18  39  m.p.h.,  making  13  interurban  starts.  In  the  local  interurban 
run  of  car  number  252  an  average  speed  of  26  m.p.h.  was  main- 
tained, making  29  starts;  and  in  the  limited  run  of  car  number 
252,  an  average  speed  of  33  m.p.h.  was  maintained  with  only  five 
starts.  Car  number  255,  therefore,  excels  the  performance  of 
car  number  252,  although  car  252  was  running  imder  better 
schedule  conditions  in  view  of  the  less  number  of  starts,  made  by 
it.  In  fact,  in  spite  of  the  greater  number  of  starts  car  number 
255  made  the  interurban  run  outside  of  the  cities  in  78  minutes, 
whereas  it  took  car  number  252  in  the  limited  service  92  minutes 
to  make  the  run,  and  in  local  service  1 16  minutes  to  make  the  run. 
Since  the  square  root  of  mean  square  of  the  current  does  not 
differ  greatly  from  that  shown  by  car  number  252,  the  tempera- 
ture of  the  motors  working  imder  the  new  conditions  is  not  carried 
above  a  good  allowable  working  value.  The  increased  economy 
developed  by  this  car  is  nothing  short  of  remarkable,  and  it 
brings  out  very  strongly  the  value  that  will  accrue  to  any  system 
in  which  careful  adjustments  are  made  of  the  car  equipments  to 
the  work  which  they  have  to  perform. 

The  earning  capacity  of  the  car  in  view  of  its  ability  to  make 
the  greater  number  of  trips  a  day  with  the  same  crew  is 
greatly  increased  by  this  change  in  the  gearing  and  it  is  altogether 
a  better  machine  as  gauged  by  engineering  and  economic  stand- 
ards. 

The  nmning-factor  of  car  number  255,  figured  on  the  car  mile 
basis,  is  48  for  the  west  boimd  trip  and  40  for  the  east  bound  trip. 
Calculated  on  the  basis  of  the  motor-mile  basis,  the  average  run- 
ning-factor for  car  255  is  86.8.  Comparing  this  nmning-factor 
with  those  for  cars  252  and  237,  it  is  quite  evident  that  the  change 
in  gearing  has  markedly  influenced  the  running-factor  of  the 
motors  raising  it  from  74.4  up  to  that  of  car  237;  i.e.,  86.0.  This 
is  due  to  the  fact  that  we  have  here  a  higher  current  consumption 
for  a  shorter  time,  thereby  getting  a  higher  square  root  of  mean 
square  value  with  approximately  the  same  power  consumption 
per  motor  mile,  since  under  ordinary  circumstances  the  voltage 
is  approximately  constant. 

In  comparing  the  train  resistance  of  these  cars,  we  find  that 
when  car  number  255  is  running  at  uniform  speeds  of  from  50 
to  59  m.p.h.,  showing  an  average  of  55  m.p.h.  at  554  volts  and 
143  amperes,  the  train  resistance  amounts  to  27.9  pounds  per 
ton.     In  the  case  of  the  tests  of  car  number  252,  the  car  main- 
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tained  speeds  of  from  40  to  45  m.p.h;,  with  a  current  consumption 
of  about  145  amperes.  This  corresponds  to  a  train  resistance  of 
about  19.9  pounds  per  ton. 

The  acceleration  of  the  cars  over  this  system  does  not  differ 
very  much  from  that  common  to  steam  roads.  Cars  255  and  25? 
required  from  30  to  31  seconds  to  attain  a  speed  of  25  m.p.h.  and 
very  frequently  a  longer  time  than  this  was  required,  especially 
by  car  number  252.  The  rate  of  acceleration  developed  during 
the  tests  varied  in  general  from  about  .4  to  .9  m.p.h.  per  second. 
A  maximum  acceleration  as  high  as  1.0  was  attained  occasionally 
on  down  grades,  the  minimum  acceleration  being  about  .25 
m.p.h.  per  second. 

The  train  records  given  in  Figs.  12  and  13  are  chiefly  of  interest 
in  bringing  out  the  fact  that  on  this  particular  system  low  rates 
of  acceleration  exist  largely  through  necessity.  Where  power 
is  transmitted  at  500  volts  over  considerable  distances,  an  enor- 
mous expenditure  in  copper  is  necessary  if  high  rates  of  accelera- 
tion are  to  be  maintained  at  starting  by  cars  remote  from  the 
substation.  With  the  feeder  distribution  system  of  the  Union 
Traction  Company,  a  heavy  current  demand  has  the  effect  of  so 
reducing  the  voltage  at  the  cars  as  practically  to  limit  the  maxi- 
mum obtainable  rate  of  acceleration. 

Comparing  Fig.  13  with  Figs.  11  and  12,  the  apparent  ease 
with  which  car  255  attains  to  speeds  running  up  close  to  60  m.p.h. 
is  quite  remarkable.  The  average  running  speed  of  car  number 
252  being  but  little  above  40  m.p.h. 

Appendix. 

It  would  be  an  unwarranted  omission  should  this  series  of 
-papers  on  the  tests  of  the  Union  Traction  Company,  of  Indiana, 
be  closed  without  acknowledgement  being  made  to  the  students 
of  Purdue  University  who  bore  the  burden  and  brunt  of  making 
the  records  during  the  three  days  of  the  general  test. 

In  order  to  give  these  young  engineers  as  varied  experience  as 
possible,  a  schedule  was  arranged  whereby  the  men  working 
in  eight-hour  shifts,  eight  hours  on  and  eight  hours  off,  would 
not  have  the  same  work  to  perform  during  any  two  working 
periods.  Accordingly,  a  man  who  was  on  duty  in  the  Anderson 
generating  station  during  the  first  shift,  might  be  in  the  Marion 
substation  during  the  second  shift,  and,  on  an  Indianapolis- 
Muncie  division  car  during  the  third  shift.  The  men  were  re- 
quired to  move  from  one  station  to  the  next  during  their  relief 
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time,  and,  also,  to  get  their  meals  as  well  as  sleep  during  this 
time.  Frequently  they  had  to  sleep  on  cots  in  the  substations, 
and,  at  times,  on  floors.  Occasionally,  owing  to  some  disarrange- 
ment of  the  car  service,  a  man  was  delayed  in  reaching  his  next 
post  of  duty  and  the  observer  whom  he  was  to  relieve  had  to 
work  ifrom  12  to  14  hours  at  a  stretch.  The  men  went  through 
this  trying  ordeal  without  loosing  records  at  any  point  and  with- 
out a  man  having  failed  to  report  for  duty  at  the  scheduled  time, 
except  for  causes  beyond  his  control.  The  roll  of  the  men  who 
did  this  work  and  did  it  well,  is  as  follows: 

Seniors  in  Electrical  Engineering  Having  Charge  of  Parts  of  tlte 

Tests. 

J.  p.  DINSMORE,  F.  B.  HOFPT,  D.  H.  WILSON, 

J.  P.  DOSTAL,  C.  HOLLINGSWORTH,  L.  M.  ZAPP, 

W.  B.  GREGG,  R.  A.  PETICOLAS,  O.  C.  STEIN, 

C.  E.  REID. 

Seniors  in  Electrical  Engineering. 

C.  E.  ADAMS,  J.  C.  HUFFMAN,  A.  E.  WOOD, 

E.  D.  FRISTOE,  N.  F.  ROBERTS,  J.  W.  DEITZ. 

B.  M.  MERRILL,  F.  B.  WILKERSON, 

Seniors  in  Mechanical  Engineering. 

E.  DAVIS,  J.  S.  TATMAN,  C.  B.  VEAL. 

T.  W.  NEWBURN,  E.  N.  DASHIELL, 


Seniors  in  Civil  Engineering, 

L.  W.  DINSMORE, 
W.  H.  LANE. 


Juniors  in  Electrical  Engineering. 

fUDSON  BOUGHTON,  W.  M.  HOEN,  D.  R.  WATERS, 

W.  C.  BRITTEN,  C.  P.  JOY,  H.  WEAVER, 

B.  C.  CONSTABLE,  F.  W.  JUDSON,  R.  M.  BRET, 

I.  B.  CORNS,  J.  R.  MCCONNELL,  F.  S.  DENEEN, 

C.  O.  DALE,  J.  K.  OSTRANDER,  W.  THORN. 
R.  C.  DIETZ,  W.  T.  SMALL, 

I.  HICKMAN,  O,  P.  SMITH, 

J.  B     HILL,  W.  C.  STARKEY, 
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Juniors  in  Mechanisal  Engineering, 

T.  M.  ANDREW,  A.  R.  KELLEY,  R.  E.  CLISBT, 

H.  D.  HARTLEY,  J.  H.  PHLOEN, 

Sophomores  in  Electrical  Engineering. 

R.  W,  HARRIS, 
A.  W.  JOHNSON. 

Sophomores  in  Mechanical  Engineering. 

I.  B.  ARTZ,7  A.  p.  BERGER,  C.  R.  MISNBK. 
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Discussion  of  **  Interurban  Car  Tests/*  Communicated  by 
E.  P.  Roberts  and  I.  H.  Sherwood. 

Car  Tests  on  Northern  Texas  Traction  Company. 
Numerous  tests  were  made  by  Mr.  Bret  Harter  of  the  inter- 
urban cars  which  were  of  three  types,  namely :  (1)  Standard  inter- 
urban passenger  car,  (2)  Lai^ger  and  special  parlor  car,  and  (3) 
I  package  frieght  car,  with  and  without  trailer;  and  comparisons 
are  given  of  the  results  obtained  under  different  conditions  of 
operation. 

A  description  of  the  various  cars  and  their  equipment  is  as 
follows: 


Car. 


Type 

Make 

Length  over  all . . . 

Width 

Total  Weight  in 
Tons.  Car  and 
Equipment 

Number  Motors.... 

Make 

Mfg.  No 

Gear  Ratio 

Controllers 

No.  of  Trucks 

Make 

Mfg.  No 

Dia.  of  Wheels 

Wheel  Base 

Make  Brake 

Type       ••     


No.  1  &  No.  7.         Sagamorb. 


Standard  closed 

Interurban 

Passenger. 

Kuhlman. 

44' 6' 

8' 4" 


25.4 

4 
Westinghousc. 
56 

32-50 
K14 
2 
McGuire. 
35 
33* 
6' 
Christensen. 
Direct  Acting 
Storage  Air. 


Interurban  Par- 
lor Car. 

Kuhlman. 

59' 6" 

8' 5" 


31.0 

4 
Westinghouse. 

24-58 

L4 
2 
Brill. 

27 

33" 
6' 
Christensen. 
Independent 
Direct  Acting 
Air. 


No.  12. 


Standard  Inter- 
urban Ex-  ■ 


press. 
Kuhlma 


Cuhlman. 
40' 0* 
8'4*' 


20 


Westinghousc. 

56 

24-58 

K14 
2 
McGuire. 

35 

33* 
6' 
Christensen. 
Independent 
Quick  Acting 
Automatic 
Air. 


No.  9 


16- Bench  Open 

Interurban 
Trailer. 
Kuhlman. 
46' 8* 
8'0» 


17.4 


2 
McGuire 
40 
30" 
4' 3' 
Christensen. 
Quick  Acting 
Automatic 
Air 


The  dates  of  the  test  and  weather  conditions,  etc.,  were  as 
follows : 


Date.  1902. . 
Car.  .*. 

Trip 

Direction ... 
Weather 

Temperature 
RaU 


9.  16 

9   17 

9  17 

8/19 

9/22 

9/24 

1 

1 

1 

Saga- 
more. 

12 

12  and  9 

1 

1 

1 

1 

1  and  2 

1 

E&  W 

E&  W 

E&W 

E&W 

E&W 

E&W 

Clear. 

Cloudy 
(Rain 
Dalla.s 
end.) 

Clear. 

Clear. 

Rain. 

Clear. 

90* 

S.^** 

8,5° 

Wann. 

Cool. 

Dry  and 

clean. 

Dry  and 

clean 

except 

Dallas. 

Dry  and 

clean. 
Dallas 
end  wet 
clean. 

Dry  and 

ch-an. 

Wet  and 
clean. 
Cities 
slippery. 

Dry  and 

clean. 

11/14 
7 

land  2 
E&W 
Clear. 

Cool. 

Dry  and 

clean. 


In  Ft.  Worth,  the  interurban  cars  make  a  run  of  approximately 
1.8  miles  where  high  speed  cannot  be  made;  the  terminus  being 
at  the  court  house. 
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In  Dallas  therje  is  a  distance  of  4.1  miles  of  city  track  where 
slow  speeds  are  required,  and  this  is  down  grade,  averaging 
possibly  1  per  cent.  Dallas  is  approximately  200  ft.,  lower 
than  Ft.  Worth. 

Detailed  Log  of  Run. 

The  following  is  an  example  of  a  portion  of  a  log  and  is  pre- 
sented merely  to  indicate  the  general  character  of  the  observa- 
tions made. 


Time. 

Place. 

Track. 

Position 

Miles 

Amp. 

Volt*. 

Watt       RemariB. 

Con- 

per hr 

hr. 

troller. 

Readings 

12  32' 

28.5 

SS  1 

0 

0 

600 

4299600 

Coast  to 

37 

24 

0% 

s 

60 

575 

94 

23.5 

s 

35 

50 

575 

38.5 

23 

0.14%  + 

s 

25 

70 

570 

22.3 

1.3  %  + 

s 

25 

80 

525 

41 

22 

0.17%  + 

R 

28 

60 

535 

0.15%  + 

s 

28 

60 

600 

42.75 

21 

0.7  %  + 
0.7  g  + 

1 

50 
75 

485 

600 

20.5 

0.07%  + 

0 

0 

625 

^^•Sfi- 

44.5 

OP. 

0.07%  + 

0 

0 

0 

.610 

430600G 

Stop 

45 

G.P. 

0.07%  + 

s 

80 

530 

46 

20 
19.9 

0.4  %  + 
1.0  %- 

s 
p 

80 

530 

19.3 

1.6  %+ 

p 

40 

175 

450 

48 

19 

0.6  %- 

0 

0 

0 

630 

Met  a, 
resular. 

49 

19 

p 

250 

50.5 

18.5 

0.2  %  + 

p 

35 

190 

440 

See  Tables  I,  II,  III,  IV/ 

Comparing  Tables  No.  1  and  No.  2  it  will  be  noted  that  the  k.w. 
hours  per  car  mile  is  greater  lOr  the  entire  run  than  for  the  high- 
speed portion  only,  and  this  is  due  to  the  greater  number  of  stops 
in  the  towns  and  running  on  resistance.  The  average  k.w.  is  less 
for  the  entire  run  than  for  the  high-speed  portion  and  this  is  due 
to  the  slower  speed  in  towns,  running  on  series. 

The  following  illustrates  this  point : 

T.  &  P.  Crossing  to  Oak  Clipp,  Intskurban  Run. 


Car 

No.  1*. 
29.3 

Sagamore. 

No   12. 

1?; 

^Q        1 

No.  7 
23.5 

No.  7. 

Rate  of  run  in  m.p.h    .   . 

20.3 

1 
27.3          22.3 

27.5 

K.W.  hrs.  per  mile 

2.03 

2.07 

1.76 

2.73       1 

1.91 

1.66 

Watt-hrs.  per  ton  mMe. . 

,     75.0     '          62.7 

81.7 

64.5 

78.5 

64.8 

Average  K.W 

59.4               61.                  47.8     '     61.0 

46  0          45.8 

Ft.  Worth  to  Dallas 

.  Entire  Run. 

Car 

No.lt.    Sagamore 

N< 

3.12.    No  ]2t  Il2&  0 

1  No  7 

No.  7. 

K.W.  Hm.  per  mile 

2.16 

2.15 

1.88  1      1   81    ;     2.81 

1     1.94 

1.76 

Watt  Hrs  per  ton  mile. 

79  7 

65.2 

87.2 

82.2 

66.2 

1     75.7 

68.7 

Average  K.W 

48  1 

52.7 

37.7 

42  1 

56.4 

35.6 

96.5 

♦  No.  1 .     Average  of  run  of  9/17  Tables  1  and  2. 
tl2  -  12  ft  9,  Average  of  run.  Ft.  Worth  to  Siding  29 
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Comparison  op  Results  of  Tests  op  Car  No.  1. 
Test  of  September  IGth  was  with  motors  in  parallel  as  much  as 
possible,  including  hill  climbing.  Obtained  high  speed  but  more 
energy  per  car  mile  as  compared  with  subsequent  tests  made  Sep- 
tember 17th,  when  the  controller  was  handled  more  efficiently,  and 
the  car  allowed  to  coast,  though  the  speed  was  not  quite  as  high. 

Car  No.  7. 

Practically  the  same  as  No.  1. 

The  object  of  the  two  trips  was  to  note  a  comparison  of  the 
effect  of  stops.  The  first  trip  having  a  considerable  number  and 
the  second  comparatively  few,  the  result  in  k.w.  per  car  mile  is 
materially  in  favor  of  the  second,  especially  on  the  west  bound 
trips,  where  the  time  of  the  run  is  almost  the  same,  but  the  stops 
almost  three  times  as  many.     See  Table  I. 

Also  note  Table  II.,  which  shows  the  effect  of  stops  on  the  high 
speed  run,  where  the  result  is  very  marked.  Also  note  Tables 
III.  and  IV.  Comparing  No.  1  and  No.  7  and  the  first  test  of 
September  17  of  No.  1  and  of  November  14th  of  No.  7,  there  being 
about  the  same  number  of  stops,  shows  that  car  No.  1  took  more 
k.w.  per  car  mile  but  the  schedule  speed  was  higher,  whether  the 
difference  is  entirely  on  this  accoimt  we  are  not  prepared  to  state, 
as  there  were  many  other  circumstances  which  might  affect  the 
results,  such  as  condition  of  the  track,  motorman,  etc. 
Private  Car  *'  Sagamore." 

It  will  be  noted  that  the  **  Sagamore  "  makes  practically  the 
same  schedule  speed  as  the  regular  passenger  cars,  but  it  could 
not  do  this  and  make  as  many  stops  as  the  passenger  cars  are 
capable  of  making,  for  the  reason  that  it  is  not  geared  for  the  same 
high  running  speed.  Gearing  for  slower  speed  tends  to  efficiency 
of  operation,  but  whether  the  materially  better  results  obtained 
for  the  **  Sagamore  "  in  watt-hours  per  ton  mile  was  entirely  due 
to  the  gearing,  is  at  least  questionable.  It  will  be  noted  that  the 
k.w.  hours  per  mile  was  about  the  same  as  for  Car  No.  1  for 
tests  made  on  the  17th  (and  comparisons  should  not  be  made 
with  tests  made  on  the  16th  because  of  special  conditions  of  such 
tests).  It  should  be  noted,  however,  that  car  No.  7  gave  better 
results  in  this  respect  than  No.  1,  and  lower  actual  figures  than 
the  **  Sagamore,"  but  the  watt-hours  per  ton  mile  were  lower  for 
the  '*  Sagamore  "  than  for  No.  1,  or  even  for  No.  7,  on  test  of 
same  with  the  fewest  number  of  stops. 

Car  No.    12. 

Car  No.  12  is  a  slightly  lighter  car  than  No.  1,  and  has  the  same 
motors  as  No.  1,  and  the  same  gearing  as  the  *'Sagamore."  The 
k.w.  hours  per  mile  for  the  total  run  shown  on  Table  I.  was  high, 
and  with  reference  to  Table  IV.,  it  will  be  noted  that  this  was 
especially  due  to  the  run  in  Oak  Cliff  and  Dallas.  This  car  not 
only  has  frequent  stops,  but,  owing  to  the  character  of  the  busi- 
ness, namely,  taking  up  and  discharging  frei?:ht,  it  shifted  back 
and  forth  at  the  sidings,  etc.,  so  that  the  results  should  not  be 
compared  on  the  same  basis  as  obtained  by  other  cars. 
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The  effect  cf  adding  a  trailer  on  the  k.w.  hours  per  mile  and  the 
watt  hours  per  ton  niile  is  very  marked,  both  on  the  entire  run  as 
given  by  Table  I.  and  for  the  portions  of  the  run  as  given  by 
Tables  II.,  III.  and  IV.  the  reduction  in  watt-hours  per  ton-mile 
being  very  considerable. 

In  connection  with  the  above  it  should  be  noted  that  the 
average  k.w.  for  the  entire  run  (see  Table  I.)  for  the  regular 
passenger  cars  is  less  than  50  k.w  (omit  test  of  September  16thr 
which  was  intentionally  made  under  uneconomical  conditions). 
Tlierefore,  if  the  average  efficiency  of  the  motors  was  75  per  cent., 
the  average  output  of  the  motors  was  slightly  less  than  one* 
quarter  of  their  rating  and  it  should  also  be  noted  that  this  doe» 
not  include  time  for  lay-over,  which  gives  opportimity  for  cooling. 
Each  motor  is  rated  at  55  h.p. 

[Communicated  after  Adjournment  by  Mr.  A.  H.  Armstrong]; 

In  commenting  upon  the  very  admirable  paper  brought  out 
by  Messrs.  Goldsborough  and  Fansler,  one  point  strikes  me  as 
rather  inconsistent,  and  that  is  the  elaborate  methods  taken  to 
secure  and  make  use  of  the  square  root  of  the  mean  square  cur- 
rent per  motor.  As  the  chief  object  of  the  tests  seemed  to  be  to 
obtain  this  value,  it  is  interesting  to  note  what  use  is  made  of  it. 
To  this  end  Mr.  Goldsborough  has  constructed  a  new  tenn  which 
he  calls  the  **  rimning-factor,"  this  being  the  ratio  of  the  square 
root  of  the  mean  square  current  per  motor  to  the  kilowatt  hours 
per  car  mile.  The  term  has  no  rational  reason  for  existence,  as 
obviously  this  "  running-factor  "  or  ratio  will  vary  widely, 
depending  upon  the  kind  of  service  and  will  in  no  way  serve  as  an 
indication  of  whether  the  proper  motors  are  used,  whether  the 
gearing  is  correct,  etc.  It  is  obvious  that  the  kilowatt  hour  per 
car  mile  depends  largely  upon  the  gear  ratio  used,  and  the  rate  of 
.acceleration  chosen  for  a  given  schedule  and  frequency  of  stops. 
AVith  the  series-parallel  controller,  a  service  calling  for  much  series 
running  will  considerably  affect  the  kilowatt  hours  per  car  mile 
without  in  any  way  affecting  the  square  root  of  the  mean  square 
current.  For  long  runs  there  may  be  some  similarity  in  the 
values  obtained  for  this  '*  running  factor,"  but  the  results  cannot 
be  used  in  any  comparative  sense,  have  no  direct  bearing  upon 
the  fitness  of  the  equipment  for  the  work,  and  not  in  any  way 
indicate  the  heating  of  the  motors.  The  term  seems  to  me  to 
complicate  an  otherwise  rather  simple  problem  without  in  any 
way  furnishing  additional  accuracy.  The  use  of  the  "running- 
factor  "  term  ignores  the  possible  efficiency  of  acceleration  of  the 
motors.  This  efficiency  of  acceleration  is  the  ratio  of  work  done 
by  the  motors  to  the  energy  input  of  the  car  or  train,  and  will 
vary  from  40  per  cent,  to  as  high  as  75  per  cent,  or  80  per  cent,  on 
the  longer  runs.  The  square  root  of  the  mean  square  current  is 
not  at  all  affected  by  the  efficiercy  of  acceleration  of  the  motors, 
and  hence  any  conclusions  drawn  from  the  ratio  of  square  root 
of  the  mean  square  current  to  the  kilowatts  per  car  mile  input 
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mtist  necessarily  show  considerable  variation,  due  to  the  variable 
efficiency  of  acceleration  of  different  lengths  of  runs. 

Mr.  Goldsborough  noted  a  considerable  variation  in  energy 
^nsumption  on  the  shorter  runs.  I  believe  this  was  largely  due 
to  the  fact  that  the  method  of  taking  ampere  time  curves  was  not 
well  adapted  to  very  short  runs  when  the  accelerating  current 
forms  the  greater  part  of  the  total  ampere  input.  Some  time  ago 
at  Schenectady  we  were  met  with  this  same  difficulty  and  some  of 
our  engineers  advised  a  recording  voltmeter  and  ammeter  which 
<jave  the  current  reading  at  every  instant,  thus  eliminating  the 
personal  element  of  the  observer  and  giving  much  more  accurate 
results  than  can  be  obtained  with  either  two  second  or  five 
second  readings. 


A  pap*r  prws^nUd  at  the  20lk  Annnal  Convention  of 
the  American  Institute  of  Electrical  Engineers, 
Xiasara  FaUs,  N  Y    JnnedO.lWZ 


SOME  RECOMMENDATIONS  CONCERNING  ELECTRICAL 

AND  MECHANICAL  SPECIFICATIONS  OF  TROLLEY 

INSULATORS. 


BY    SAMUEL    SHELDON    AND   JOHN    D.    KBILBY. 


Introduction. 

At  present  there  appears  to  be  no  standard  basis  for  comparison 
of  the  relative  merits  of  insulators  which  are  supplied  for  use  in 
ordinary  overhead  trolley  line  construction.  It  is  obviously 
desirable  that  there  should  be  a  definite  basis  upon  which  a 
proper  selection  can  be  made. 

With  a  view  to  formulating  specifications  of  such  materials, 
it  was  found  necessary,  on  account  of  the  lack  of  published  data 
on  the  subject,  to  conduct  a  series  of  tests  to  determine  the 
electrical  and  mechanical  properties  of  these  materials.  The 
tests  were  made  upon  samples  obtained  in  the  open  market  from 
the  stocks  of  well-known  manufacturers.  Some  of  the  results  of 
these  tests  are  given  below  and  recommendations  concerning 
specifications  of  certain  types  are  appended. 

Determinations  were  made  of  the  tensile  strength  of  the 
samples,  of  the  voltage  necessary  to  perforate  the  insulation  or 
produce  an  arc  between  conducting  parts,  of  the  mechanical 
softening  temperature,  and  of  the  relative  magnitudes  of  the  in- 
sulation resistances. 

Tensile  Strength. 

These  tests  were  made  in  the  usual  manner,  the  samples  being 
pulled  apart  by  means  of  a  Riehle  30,000  lb.  universal  machine. 
U-shaped  pieces  of  round  steel  were  passed  through  the  metal 
eyes  of  such  samples  as  globe,  Brooklyn  strain,  and  terminal 
strain  insulators,  and  were  clamped  in  the  jaws  of  the  machine. 
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The  insulated  bolts  were  passed  through  a  properly  sized  hole  in 
a  steel  plate.  The  threaded  end  was  connected  with  a  steel 
eyebolt  by  means  of  a  steel  threaded  sleeve,  and  the  tension  was 
exerted  between  the  eyebolt  and  the  plate.  The  results  obtained 
from  breaking  the  samples  are  given  below,  the  product  of  differ- 
ent manufacturers  being  represented  by  the  letters  A  B,C  andi?. 
The  numerals  represent  the  tension  in  poimds  at  the  time  of 
break. 

2Y  Globes. 

A  B  C  D 

3710  5950  7725  6320 

4510  5770  7475  6890 


3' 

Globes. 

A 

B 

C 

4210 

11190 

5450 

5310 

8930 

6660 

Small 

Brooklyns. 

A 

C 

D 

9990 

10320 

5520 

11130 

9010 

6450 

Large  Brooklyns. 

A 

B 

C 

11490 

19670 

18510 

10510 

17140 

18250 

Insulated  Bolts. 

A 

B 

C 

D 

6370 

6130 

7360 

3280 

4495 

54&D 

9010 

2925 

Some  M  the  broken  samples  are  shown  in  the  accompanying 
illustrations.  It  will  be  noted  that  while  some  samples  gave 
way  in  the  eyes,  others  broke  in  the  instilation.  It  is  very  desir  - 
able  that  strain  insulators  should  be  so  designed  that  when 
subjected  to  a  test  for  tensile  strength,  they  should  give  way  in 
the  eyes.  As  these  insulators  are  subjected  to  an  uncertain 
strain  while  being  installed  and  after  being  in  use,  it  is  of  great 
importance  that  one  ma}''  be  able  to  depend  upon  the  fact  that, 
if  the  eyes  be  intact,  the  insulation  is  als*^  in  good  condition. 
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Breakdown  Voltage. 
In  carrying  out  these  tests,  the  two  metal  portions  or  con 
dqctors  of  the  insulators  were  connected  respectively  with  the 
two    high-pressure    terminals  of  a   1 :  200  step-up  transf ormer, 
whose  low-pressure  terminals  were  connected  in  series  with  a 
regulating  rheostat  to  a  supply  of  alternating  current  at  a  fre- 


Figs.  1,  2  and  3. 
quency  of  60.  A  dead-beat  voltmeter  was  connected  to  the  low 
pressure  terminals.  By  manipulating  the  rheostat  any  desired 
voltage  could  be  impressed  upon  the  low-pressure  coil  and  its 
value  could  be  determined  from  the  voltmeter.  The  higli- 
pressure  voltage  would  be  200  times  as  large,  provided     the 
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secondary  was  unloaded;  that  is,  provided  the  insulator  were 
unpunctured  and  there  were  no  arcing  present.  The  test  was 
started  with  a  low  impressed  voltage  which  was  gradually  raised 
until  a  sudden  drop  in  the  voltmeter  reading  indicated  that  a 
breakdown  had  occurred.  The  maximum  reading  multiplied  by 
200  is  the  breakdown  voltage.  The  following  results  were  ob- 
tained. 

2J^  Globes. 


A 

B 

C 

D 

8010 

8610 

5610 

7500 

7610 

5110 

6110 

4510* 

5910 

3' 

Globes. 

A 

B 

C 

11410 

12810 

8010 

10810 

10810 

9010 

Small 

Bpooklyns. 

B 

C 

D 

14810 

6710 
6510* 

35000 

Large 

Bpooklyns. 

A 

B 

C 

8010 

14410 

11410 

4210 

13010* 

7610* 

4010* 

Insulated  Bolts. 

A 

B 

C 

D 

12010 

14450 

12210 

arc  at 

13010 

14450 

10010 

25000 

The  voltage  necessary  to  rupture  the  dielectric  v/ould  un- 
doubtedly have  been  less  than  the  amounts  given  above  if  the 
duration  of  the  application  of  the  high  pressure  had  been  in- 
creased. In  practice,  trolley  insulators  are  seldom  subjected  to  a 
voltage  greater  than  that  of  the  generators  or  converters.  Occa- 
sionally, however,  they  are  subjected  to  moderately  high  voltages 
of  short  duration  which  arise  from  the  disappearance  of  magnetic 
flux  that  has  been  created  by  short  circuits.  The  values  given 
above  which  are  followed  by  an  asterisk  were  obtained  from  tests 
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on  insulators  which  were,  at  the  time,  tinder  a  tensile  strain  of 
about  4500  lbs.  The  dielectric  strength  is  slightly  reduced  by 
strain,  but  in  all  the  samples  tested  it  was  sufficiently  high  to 
meet  the  requirements  of  present  practice 

Heat  Tests. 

Oftentimes  when  a  trolley  wire  breaks  it  becomes  heated  on 
account  of  the  grounding  of  a  broken  end.  Sometimes  the 
insulating  material  in  the  round-top  hangers  softens  under  the 
influence  of  the  heat  communicated  from  the  wire  and  allows  the 
€ar  and  suspended  wire  to  drop  to  the  ground.  Efforts  were  made 
to  determine  the  temperature  of  the  insulation  at  the  time  of 
softening.  A  hanger  was  screwed  into  a  regular  ear,  and  was 
suspended  in  an  inverted  position  in  a  double-walled  oven.  A 
wire  was  attached  to  the  suspended  cap  and  was  passed  through 
a  hole  in  the  bottom  of  the  oven.  To  this  wire  was  attached  a 
weight  of  100  lbs.  This  weight  is  equal  to  that  of  about  200  feet 
of  No.  000  copper  trolley  wire  and  it  is  quite  possible  that  a 
hanger  might  be  subjected  to  this  strain.  The  temperature  of 
the  oven  was  raised  by  means  of  burning  an  arc  lamp  which  was 
enclosed  in  it.  As  the  temperature  rose  to  a  certain  point,  the 
insulating  material  softened  and  the  suspended  weight  pulled 
the  round  top  cap  of  the  hanger  away  from  its  bolt.  This  tem- 
perature was  noted  on  a  mercury  thermometer  whose  bulb  was 
placed  near  the  ear.  Unquestionably,  the  temperature  varies 
very  much  at  different  points  inside  the  insulating  material,  such 
material  being  a  good  heat  insulator  as  well  as  an  electrical  insu- 
lator. The  material  next  to  the  metal,  however,  is  probably  the 
hottest  and  the  temperature  is  nearly  that  of  the  metal.  It  is  at 
this  point  that  it  softens  most.  The  results  obtained  from  three 
samples  were,  A  168^  C. ;  B  168^  C. ;  and  C  145°  C. 

Appreciating  the  imcertainty  of  such  a  test,  another  method 
was  devised  which  tested  the  hangers  under  working  conditions. 
This  method  gives  but  relative  results.  Under  the  circumstances 
they  are  more  to  be  desired  than  absolute  values  of  temperature. 

A  soft  iron  roimd  rod,  Y  in  diameter  and  20"  long  was  clamped 
by  an  ordinary  trolley  ear,  whose  ends  had  been  cut  off  so  as  to 
leave  a  length  of  5^^.  This  was  suspended  (Fig.  4),  by  means  of 
a  wire  stirrup  underneath  a  beam.  Into  the  ear  was  screwed  the 
bolt  of  the  roimd-top  hanger  to  be  tested.  To  the  cap  of  the 
hanger  was  suspended  a  weight  of  200  poimds.  A  current  of  200 
amperes  was  then   sent   through   the   iron.     The   time   which 


236    SHELDON  AND  KEILEY:  TROLLEY  INSULATORS.  [Jvaie  30 

elapsed  between  closing  the  circuit  and  the  separation  of  the 
parts  of  the  hanger  under  the  influence  of  the  weight  was  noted. 

These  times  in  minutes  were  as  follows: 

A  B  C  D 

50  34  94  74 

Two  similar  samples  from  the  same  manufacturer  were  tested > 
one  with  the  cap  underneath,  as  above  described,  and  the  other 
with  the  ear  beneath.  The  times  between  the  closing  of  the  cir- 
cuit and  the  breaking  down  of  the  insulators  were  respectively 
31  and  33  minutes.  This  indicates  that  the  position  in  regard  to 
vertical  arrangement  during  test  is  immaterial. 

Efforts  were  made  to  determine  roughly  the  character  and  tlie 
composition  of  the  insulating  materials  employed  by  each  manu- 
facturer. Upon  ignition,  by  applying  a  lighted  match,  each  of 
the  insulating  materials  burned  quietly  with  a  very  small  flame. 
There  was  some  smoke  and  in  all  cases  the  characteristic  odor  of 


Fig.  4. 

burning  shellac.  Each  sample  when  placed  in  alcohol  went 
partially  into  solution,  leaving  a  residue.  Mica  and  asbestos  were 
present  in  some  of  the  residues. 

If  the  binding  material  be,  in  all  cases,  shellac,  it  is  evident  that 
the  sof tenmg  temperature  is  an  indeterminate  quantity.  Shellac  is 
somewhat  viscous  at  ordinary  temperatures,  and  its  viscosity 
rises  rapidly  with  increase  of  temperature.  Insulating  bolts, 
one  from  each  manufacturer,  were  placed  in  boiling  water  and 
were  allowed  to  remain  until  they  had  assumed  the  temperature 
of  the  water,  i.e.,  100°  C.  In  each  case  the  insulating  material 
had  softened  so  as  to  permit  of  moulding  under  slight  pressure. 
The  viscosity,  at  a  given  temperature,  is  also  dependent  upqn  the 
relative  amount  of  shellac  to  the  otlier  material  present.  This 
amount  is  liable  to  variation  in  samples  of  the  same  type  from  the 
same  manufacturer. 
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Insulation  Resistance. 

The  resistance  of  an  ordinary  strain  insulator  is  very  large,  and, 
if  it  were  not  for  the  large  number  of  them  which  are  connected  in 
parallel  on  a  trolley  system,  no  consideration  need  be  given  to 
this  point.  It  is  diffictdt  to  determine  rapidly  the  individual 
resistances  in  ohms,  hence  the  following  method  of  determining 
the  relative  resistance  values  was  devised. 

A  Holz  machine  when  run  at  a  constant  speed,  owing  to  its 
practically  infinite  internal  resistance,  fimctionates  as  a  constant 
current  generator.  For  obtaining  the  comparative  values  of  the 
resistances  of  the  insulators,  such  a  machine  was  used  as  a  source 
of  e.m.f.,  and  an  arrangement  of  apparatus  as  shown  below  was 
employed: 


C=J 


s  CO 


-^vvww— 

R 


CZ] 


Fig.  5. 

where  S     =  spark  gap  of  the  Holz  machine; 

X    =  insulator  under  test ; 

C    =  a  mirror  galvanometer; 

7?    =  a  resistance  in  which  is  included  the  leakage  resist- 
ance of  the  Holz  machine,  and  of  the  connecting  wires. 

By  connecting  together  the  two  terminals  of  the  insulator  X, 
by  means  of  a  copper  wire,  practically  all  of  the  current  /,  which 
is  produced  by  the  machine,  is  made  to  pass  through  the  galvano- 
meter and  It  produces  a  deflection  0  Upon  removing  the  copper 
wire,  a  current  i,  will  flow  through  the  galvanometer,  giving  a 
deflection  0^ , 
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This  deflection  will  be  inversely  proportional  to  the  resistance 
of  X.  The  rest  of  the  constant  cunent  /  will  pass  through  R, 
which  includes  the  leakage  paths.  Representing  this  current  by 
/r  ,  there  exists  the  following  relations: 


-R 


Since  /  and  4  are  proportional  to  deflections  d  and  d^  respect 
tively. 

By  substituting  for  X  another  insulator,  its  resistance  can  be 
quickly  determined  in  terms  of  i?  in  a  similar  manner.  This 
method  is  better  suited  for  getting  the  comparative  resistances  of 
insulators  of  the  same  shape.,  than  for  getting  their  absolute 
resistances.  A  portion  of  an  insulator's  conductance  unquestion- 
ably consists  of  surface  leakage. 

The  resistances  obtained  are  given  below  in  terms  of  an 
arbitrary  standard: 

2"  Globes. 


A 

B 

C 

01 

98 

1.7 

55 

76 

12.0 

2J« 

'  Globes. 

A 

B 

C 

27 

36 

1 

55 

18 

1.5 

61 

37 

1 

Small 

Brooklyns. 

B 

C 

35 

40 

.35 

43 

Large 

Brooklyns. 

A 

B 

C 

0-7 

39 

27 

0.8 

41 

37 
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Specifications. 
Specifications  for  the  various  forms  of  insulators  used  in  trolley 
construction  must  vary  with  local  conditions  and  with  the  policy 
of  the  user.     Specifications  for  Globe  and  Brooklyn  Strain  insu- 
lators should  cover  the  following  points : 

1.  Dimensions. 

2.  Size  of  eye. 

3.  All  samples  tested  shall  break  in  the  eye. 

4.  The  average  ultimate  tensile  strength  of  all  samples  sub- 

jected to  mechanical  test  shall  not  be  less  than  A  lbs., 
and  no  individual  sample  shall  show  a  tensile  strength  of 
less  than  85  per  cent,  of  the  average  tensile  strength  of  all 
the  samples  that  are  tested. 

5.  The  average  breakdown    voltage,  for  samples  which  have 

been  broken  in  the  eye  in  the  mechanical  test,  shall  not  be 

less  than  B  volts,  and  no  individual  sample  shall  break 

down  at  less  than  90  per  cent,  of  B  volts. 

As  to  the  values  to  be  specified  for  ultimate  tensile  strength 

and  breakdown    voltage,  the  following  are  suggested,  where 

high  class  instilators  for  use  on  500  volt  lines  are  to  be  specified. 


Ultimate  Tensile 
Strength  in  lbs. 


Breakdown 
Voltage. 


2i  inch  globes  .  . 
3  "  *'  .. 
Small  Brooklyns 
Large 


6000 

9000 

9000 

18000 


7000 
10000 
10000 
10000 


Owing  to  the  comparatively  low  softening  temperature  of  the 
insulating  materials  generally  used,  and  to  the  close  proximity  of 
the  working  conductor  when  in  service,  it  is  important  that  speci- 
fications for  round-top  hangers  should  impose  a  test  for  soften- 
ing temperature.     The  following  "  hot  rod  test  "  is  suggested: 

Roimd-top  hangers  when  suspended  free  from  draught  in  an 
inverted  position  by  means  of  a  bronze  ear  weighing  8  ounces  and 
being  5i  inches  long,  the  ear  clamping  the  middle  of  a  round  rod  of 
soft  iron  \  inch  in  diameter  and  of  at  least  20  inches  length  between 
connectors,  must  be  able,  without  breaking  down  or  becoming 
permanently  deformed  by  more  than  1/16  inch,  to  sustain  a 
weight  of  200  pounds  from  the  cap  for  one  hour,  a  current  of  200 
amperes  being  passed  continuously  through  the  iron  rod,  the  rod 
being  cold  at  the  start. 
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Discussion. 

Mr.  Joseph  Sachs  : — Moulded  street  railway  insulators  of  the 
type  that  Dr.  Sheldon  describes  are  usually  made  of  some  loose 
inert  insulating  material  mixed  with  a  binding  gum  and  com- 
pressed into  shape.  In  many  cases  the  formula  would  appear  to 
pay  little,  if  any,  attention  to  the  essential  electrical  characteris- 
tics of  the  ingredients,  so  long  as  the  minimum  gum  and  the 
maximum  filler  that  would  hold  together  were  used.  I  most 
heartily  second  the  recommendation  Dr.  Sheldon  has  made  to 
standardize  street  railway  insulator  specifications.  So  far  as 
some  of  his  proposed  requirements  are  concerned,  however,  I 
want  to  differ  somewhat  from  him.  In  the  first  place,  we  may 
agree  so  far  as  the  breaking  of  strain  insulators  is  concerned  in 
the  elements  exterior  to  the  insulator.  The  mechanical  strength 
of  a  strain  insulator  should  be  indicated  by  some  exterior  element. 
But  there  are  other  features  to  be  considered  mechanically,  aside 
from  the  mere  pulling.  One  of  them  is  the  knocking  and  vibra- 
tion to  which  an  insulator  is  subjected  in  regular  service.  Another 
and  a  very  important  factor  in  all  insulators,  is  their  stay-together- 
ness. I  may  say  that  nearly  all  moulded  insulators  to-day  are 
bound  togetlier  with  shellac,  or  some  gum  or  similar  substitute. 
The  insulating  material  in  these  insulators  when  softened  under 
heat  will  permit  the  two  strain  parts,  or  the  electrodes,  we  might 
say,  of  the  insulator  to  pull  apart,  unless  some  mechanical  pro- 
vision, aside  from  the  moulded  insulation,  is  provided  for  holding 
them  together.  I  believe  that  should  be  considered  as  an 
important  element.  "In  fact,  all  strain  insulators  or  all  trolley 
line  insulators  should  be  so  constructed  that  under  service  strain 
conditions,  if  the  moulded  insulation  should  be  ruptured,  the  two 
parts  are  still  held  by  a  mechanically  stronger  insulation. 

I  believe  that  the  table  for  mechanical  pulling  strength  on  the 
ninth  page  is  entirely  too  high.  I  can  scarcely  conceive  of  18,000 
pounds  as  being  a  necessary  tensile  strength  for  even  a  large 
Brooklyn  strain  insulator,  although  there  may  be  special  condi- 
tions where  such  may  be  the  case.  I  know  of  very  few  strain 
insulators  that  stand  in  actual  continuous  service,  with  the 
rapping  and  knocking,  even  as  much  as  eight  or  nine  thousand 
pounds.  These  latter  figures  for  first-class  strain  insulators  of 
usual  size  should  prove  ample. 

Now,  again,  the  matter  of  melting  point;  the  melting  point  of 
the  moulded  insulation  used  in  nearly  all  trolley  line  insulators 
can  be  increased  at  the  expense  of  its  insulating  properties.  Such 
results  can  be  obtained  by  using  ingredients  that  give  the  com- 
pound a  larger  specific  heat.  These  materials  are  mostly  of  a 
metallic  oxide  nature,  and  the  insulation  resistance  and  dielectric 
strength  is  usually  brought  down  accordingly. 

The  iron  bar  heat  test  method  described  i3y  the  writers  of  the 
paper  is  good,  but  I  believe  it  is  carried  a  little  too  far.  I  think 
there  are  few  practical  conditions  where  enough  heat  would  be 
generated  in  a  trolley  wire,  and  then  only  in  case  of  a  dead  short 
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circuit  from  the  trolley  wire  to  the  ground,  which  probably  in 
many  instances,  or  in  most  instances,  would  open  up  something 
on  the  line. 

The  puncture-resisting  strength  of  the  insulator  is,  I  believe, 
quite  important,  but  I  think  too  much  stress  is  laid  on  the  ques- 
tion of  dielectric  strength.  An  insulator  for  trolley  use  is 
mostly  subjected  to  leakage  conditions.  On  500  volts  it  takes 
very  little  internal  insulation  to  make  the  insulator  stand  up,  but 
it  takes  a  whole  lot  of  surface  and  a  whole  lot  of  good  material 
well  put  together  to  keep  the  insulator  intact  on  the  outside,  not 
on  the  inside.  Trolley-line  insulators  are  subjected  to  heating 
and  cooling.  The  surface  gets  sticky  and  moist,  accumulating 
dirt,  and  in  a  very  short  time  of  good,  hard  service  we  find  more 
trouble  arising  from  leakage  conditions,  due  to  cracks  and  other 
similar  causes,  surface  leakage,  and  so  on,  than  due  to  any  actual 
puncturing  of  the  interior ;  even  though  you  might  get  inductive 
kicks  due  to  short  circuit  suddenly  being  taken  off  the  line. 

I  cannot  see  why,  for  trolley  service  of  the  same  voltage,  all 
insulators  should  not  be  subject  to  the  same  specifications  so  far 
as  breakdown  voltage  is  concerned.  I  do  not  see  why  a  small 
insulator  should  be  subjected  to  only  10,000-volt  breakdown 
test,  while  a  large  insulator  should  have  to  stand  more.  Again, 
I  find  that  the  difficulty  with  most  trolley-line  insulators  isthat 
long  before  the  breakdown  point  occurs  the  voltage  will  jump 
across  the  surface.  We  have  foimd  this  difficulty  to  a  great 
extent,  not  when  the  insulator  is  in  its  ideal  condition;  that  is, 
perfectly  dry  and  quiet  and  nice  in  the  factory,  but  when  you  get 
it  outside  and  expose  it  to  the  weather  for  quite  a  while. 

As  I  have  said,  the  matter  of  resistance  of  the  insulators  is 
governed  greatly  by  the  ingredients  used.  Almost  any  kind  of 
insulation  when  dry  will  show  high  resistance.  It  takes  but  very  lit- 
tle good  shellac  and  good  mica,  or  similar  material  of  good  quality, 
well  bound  together  by  binding  material,  to  give  you  a  pretty 
good  high  insulation  resistance,  dry  and  perfectly  handled;  but 
put  it  out  on  the  line,  let  the  thing  crack,  let  a  little  moisture 
creep  in,  and  that  is  the  time  when  you  want  to  get  you^  insula- 
tion resistance.  Insulators  which  look  on  the  laboratory  instru- 
ment absolutely  perfect,  when  subjected  to  even  a  short  period  of 
service  soon  show  very  low  insulation  resistance.  In  considering 
standard  specifications  for  trolley  insulators,  therefore,  I  want 
to  suggest  the  following: 

Continued-service  insulation  cannot  be  determined  by  dry 
insulation  tests. 

Internal  dielectric  strength  is  more  readily  obtained  than 
a  satisfactory  surface  insulation. 

A  low  temperature  strain  test  is  of  little  value  to  obtain 
the  service-strain  resistance  of  a  moulded  strain 
insulator. 

Strain  insulators  should  hold  together  and  insulate  under 
"*  strain  and  with  moulded  insulation  removed. 
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Mr.  Ralph  D.Mershon  : — Just  one  point  in  regard  to  this  paper, 
I  notice  the  tests  were  made  with  alternating  current.  It  seems  to 
me  the  insulators  would  have  shown  up  better  if  the  tests  had 
been  made  with  direct  current,  as  insulators  of  this  type,  made 
with  shellac,  soften  to  a  greater  or  less  extent  with  alternating 
current.  I  made  a  test  some  time  ago  of  the  material  used  in 
such  insulators,  and  found  this  softening  effect  in  a  marked 
degree.  We  tested  in  ordr  *  to. get  a  general  idea  as  to  the  differ- 
ence in  the  behavior  of  the  insulators  with  alternating  and  direct 
current  of  the  same  voltage.  The  heating  was  much  more 
marked  with  the  alternating  current.  With  it  the  insulator 
softened  and  broke  down  after  a  time,  whereas  on  the  direct 
current  it  was  apparently  good  for  an  indefinite  period. 

Mr.  Sachs  : — May  I  ask  what  the  voltage  was  at  which  you 
tested  the  insulators,  and  the  frequency? 

Mr.  Mershon: — They  were  tested  at  a  number  of  voltages, 
and  my  recollection  is  that  the  frequency  was  60  cycles.  We 
tested  them  at  500  volts,  direct  current  and  500  volts  alternating 
current,  noting  the  difference  in  the  effect  in  the  two  cases.  The 
insulators  heated  up  very  considerably  on  the  alternating  current , 
whereas  they  showed  no  signs  of  heating  on  the  direct  current  ? 

Mr.  Sachs: — What  was  the  duration  of  the  test? 

Mr.  Mershon: — As  I  recollect,  it  was  several  minutes  before 
you  could  feel  that  the  insulator  was  getting  warm  with  the 
alternating  'current . 

Dr.  Sheldon: — I  think  that  the  breakdown  test  is  properly 
made  with  the  alternating  current,  because  when  the  insulator  is 
subjected  to  the  inductive  kick  which  has  been  spoken  of,  the  effect 
.  is  much  more  like  that  due  to  an  alternating  current  than  that  due 
to  a  direct  current ;  as  regards  the  measurement  of  these  resistances 
by  this  method,  the  surface  leakage  is  taken  into  account. 

Mr.  Mershon: — It  seems  to  me  that  the  breakdown  test  with 
alternating  voltage  is  not  the  proper  one,  for  the  reason  that  an 
element  comes  in  of  which  I  thmk  Dr  Sheldon  has  not  taken 
account — the  hysteretic  loss,  which  heats  and  softens  the  insula- 
tion, thus  causing  it  to  break  down  where  with  the  same  direct 
current  electrical  stress  it  would  not  break  down.  That  is  to  say, 
you  might  put  on  a  direct  current  which  would  have  the  same  value 
of  kick  that  Dr.  Sheldon  speaks  of  and  not  break  down  the 
insulator  at  all.  whereas  if  you  put  on  an  alternating  current  of 
considerably  less  maximum  voltage,  it  might  break  down,  de- 
pending on  the  frequency  and  how  long  you  kept  the  voltage  on. 

Mr.  Sachs: — I  have  recently  made  a  series  of  tests  on  some 
insulations  at  high  potentials  in  oil  baths.  I  found,  in  every 
case  where  the  potential  had  remained  on  the  insulating  piece  for 
quite  a  while  and  then  punctured,  indications  of  softening  right 
close  to  the  electrodes.  So  that  certainly  would  bear  out  what 
Mr.  Mershon  says  regarding  the  heat  effects. 


A  paper  read  at  the  20tk  Atinnal  Cottvention  of  the 
American  Institute  of  Electrical  Engineers, 
Niagara  Falls,  N.  Y.,  June  30.  1903. 


THE  STORAGE-BATTERY  IN  SUBSTATIONS. 


BY  W.  E.  GOLDSBOROUGH  AND  P.  E.  FANSLER. 


The  rapid  development  of  interurban  electric  traction  has 
brought  with  it  a  new  field  for  the  economic  utilization  of  the 
storage-battery.  Inasmuch  as  in  interurban  electric  traction  it 
is  the  practice  to  develop  the  energy  for  the  operation  of  any  one 
system  in  one  or  two  large  generating  stations  and  to  distribute 
this  energy  to  the  trains  through  the  medium  of  substations,  in 
these  substations  the  storage-battery  has  foimd  a  place  as  an 
equalizer.  The  function  of  the  storage-battery  is  here  to  take 
care  of  the  heavy  loads  or  of  the  peaks  of  the  demands  which  are 
made  on  the  substations  by  the  trains;  and  by  absorbing  energy 
from  the  central  station  at  times  of  low  demand,  to  smooth  out 
the  central  station  load  line,  filling  up  the  hollows  and  cutting 
off  the  peaks. 

The  present  paper  deals  with  tests  which  were  made  on  a  large 
interurban  system  equipped  with  nine  substations,  and  the  data 
accumulated  shows  in  a  variety  of  ways  the  character  of  the 
demands  which  the  storage-battery  has  to  meet  in  substation 
practice.  The  data  may  be  said  to  reveal  as  many  of  the  faults 
as  of  the  benefits  of  the  storage-battery  in  substation  practice,  and 
as  the  intent  of  all  of  our  engineering  investigations  is  to  improve 
conditions  of  operation,  the  faults  which  have  been  detected  may 
prove  as  valuable  from  having  been  brought  to  light  as  are  the 
measures  which  are  given  of  the  work  done  by  the  storage-batter- 
ies in  improving  the  general  economy  of  the  system. 

The  tests  described  were  made  during  the  spring  of  1902  on 
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the  system  of  the  Union  Traction  Company  of  Indiana.  This 
company  was  organized  June  28,  1899,  and  is  the  consolidation 
of  the  Union  Traction  Company  of  Anderson,  and  the  Muncie, 
Anderson  and  Indianapolis  Street  Railway  Company.  Later  by 
the  purchase  of  the  local  lines  of  Marion  and  the  building  of  inter- 


Img.    1. 


urban  lines  the  system  has  been  extended  until  at  the  time  of  the 
tests  it  was  operating  over  160  miles  of  city  and  interurban  track. 
About  110  miles  of  this  io  interurban  road  connecting  the  princi- 
pal cities  of  the  Indiana  gas  belt  and  its  location  is  shown  by  the 
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chart  of  Fig.  1 ,  in  which  diagrammatical  representation  is  given 
of  the  transmitting  and  distributing  Hnes  which  connect  the  dis- 
tributing substations.  At  the  present  time  this  system  is 
greatly  extended  over  what  it  was  at  the  time  of  the  tests  and 
represents  the  greatest  interurban  property  in  the  world.  The 
main  power  station  at  which  all  the  power  for  the  entire  system 
is  generated  is  located  at  North  Andersen,  adjacent  to  the 
interurban  line.  The  substations  have  been  installed  at  Law- 
rence, Ingalls,  in  the  main  station  at  Anderson,  at  Dalevillc, 
Muncie,  Alexandria,  Fairmount,  Marion  and  Elwocd. 

At  the  central  station  the  generators  deliver  electric  energy  to 
the  load  bus-bars  at  400  volts.  It  is  then  stepped  up  to  16,000, 
and  transmitted  at  this  potential  to  the  substations,  where  it  is 
stepped  down  to  330  volts.  Rotary  converters  tlien  transform 
the  energy  from  alternating  at  330  volts  to  direct  current  at  550 
volts,  the  latter  being  the  pressure  used  on  the  trolley  system. 
The  substation  at  Ingalls  is  15  miles  from  Andersen,  that  at 
Lawrence  2S^  miles.  These  substations  receive  energy  from  the 
same  high-tension  feeders.  The  substation  at  Daleville  is  9 
miles  and  that  at  Muncie  18  miles  from  the  central  station.  These 
two  stations  are  also  en  the  same  set  of  high-tensicn  feeders. 
Alexandria  is  11  miles  and  Fairmount  21  miles  from  the  central 
station;  the  substations  at  these  points  receive  energy  from 
the  same  set  of  high-tension  feeders.  Marion,  which  is  33 
miles  from  Anderson,  and  Elwood,  which  is  21  miles  from 
Anderson,  have  substations  receiving  energy  in  part  over  the 
same  high-tension  feeders.  The  feeder  system  supplying  these 
stations  branches  at  Alexandria,  one  section  continuing  north 
and  the  c:ther  due  west. 

The  several  sets  of  high-tension  feeders  consist  cf  three  No.  5 
bare  B.  &  S.  wires.  The  substation  equipment  at  Anderson  con- 
sists of  three  250  k.w.  rotar\'  converters,  a  20  k.w.  booster 
unit  and  a  storage-battery  of  264  chloride  cells  having  a  one 
hour  capacity  of  400  amps,  and  an  8-hour  capacity  cf  100  amps. 
In  this  substation  a  portion  of  the  low  potential  current  from  the 
main  generators  is  led  to  the  rotary  converters  through  auto- 
transfcrmers  instead  of  through  the  fifteen  250  k.v. .  static  step-up 
transformers.  Of  these  15  static  step-up  transformers  only  12 
are  kept  in  service,  the  other  three  being  a  reserve.  The  sub- 
stations at  Lawemce,  Ingalls,  Daleville,  Fairmount  and  Elwood 
are  each  equipped  with  three  87.5  k.w.  static  step-down  trans- 
formers, one  rotar\'  converter  of  250  k.w.  capacity,  a  battery  of 
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264  chloride  cells,  having  a  one  hour  capacity  of  160  amps,  and  an 
8-hour  capacity  of  40  amps.,  and  one  8  k.w.  booster.  The  re- 
maining substations,  namely,  these  at  Muncie,  Alexandria  and 
Marion  are  equipped  with  four  175  k.w.  static  step-down  trans- 
formers (one  being  held  in  reserve),  two  250  k.w.  three-phase 
rotary  converters,  one  16  k.w.  booster  unit  and  a  storage-batter}' 
of  264  chloride  cells,  having  a  capacity  of  320  amps,  at  a  one  hour 
rate  and  80  amps,  at  an  eight  hour  rate. 

The  high-tension  hnes  both  at  the  central  station  and  the  sub- 
stations are  protected  by  high-tension  lightning  arresters  and  the 
static  transformers  are  oil-cooled. 

A  portable  substation,  equipped  with  three  87.5  k.w.  static 
step-down  transformers,  one  250  k.w.  rotary  converter  and  a 
switchboard,  has  been  built  for  use  in  case  of  an  emergency  aris- 
ing from  accident  to  one  of  the  rotary  converters,  or  for  tempo- 
rarily increasing  the  capacity  of  any  one  of  the  established  sub- 
stations. Track  has  been  laid  into  the  substations  so  that  this 
portable  substation  car  may  be  run  directly  into  any  one  of  the 
■converter  rooms  and  its  rotary  leads  connected  to  the  direct-cur- 
rent line  in  the  same  manner  as  are  the  regular  substation  ma- 
chines. At  the  time  of  the  test  the  portable  substation  was  in  use 
at  Marion,  increasing  the  capacity  of  the  Marion  substation, 
where  the  load  was  temporarily  in  excess  of  the  rated  capacity  of 
the  equipment.  The  substation  buildings  are  all  of  the  same  con- 
struction. In  addition  to  the  equipment  just  specified,  the  sub- 
stations contain  switchboards  of  white  marble,  which  consist  of 
•one  A.c.  panel  and  one  d.c.  panel  for  each  rotary  installed,  two 
battery  and  booster  panels  and  one  d.c.  panel  for  each  feeder 
leaving  the  station.  The  station  instruments  are  mounted  on  the 
switchboards  and  consist  of  three  a.c  ammeters,  one  in  each  leg 
of  the  three-phase  lines,  one  d.c.  ammeter,  voltmeter  and  watt- 
meter for  each  rotary,  one  d.c  ammeter  and  voltmeter  for  the  bat- 
tery and  one  d.c  ammeter  for  each  d.c  feeder  panel.  Automatic 
circuit-breakers  and  lightning-arresters  are  provided  for  outgoing 
lines. 

The  substations  were  equipped  with  recording  wattmeters,  in 
addition  to  those  permanently  mounted  on  the  switchboards. 
These  are  indicated  in  Fig.  1.  For  instance,  the  substations 
at  Ingalls,  Lawrence  and  Daleville  have  a  switchboard  recording 
wattmeter  (r)  which  registers  the  rotar>'  output,  and  a  tempo- 
rary recording  wattmeter  (c)  for  registering  the  batter>^  charge 
and  a  temporary  recording  wattmeter  (d)  for  registering  the 
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batten''  discharge.  The  wattmeters  (c)  and  (d)  were  controlled 
by  a  switch  which  connected  the  pressure-ceil  of  the  wattmeter 
(c)  in  circuit  when  the  battery  was  charging  and  connected  the 
pressure  coil  of  the  wattmeter  (d)  in  circuit  when  the  battery 
was  discharging.  A  special  observer  controlled  the  position  of 
this  switch  in  accordance  with  the  indications  of  the  batter}' 
switchboard  ammeter.  At  Anderson  one  switchboard  recording 
wattmeter  (r)  registered  the  output  of  the  three  rctaries,  the 
battery  charge  and  discharge  being  determined  by  two  watt- 
meters in  the  same  way  as  at  Lawrence,  Ingalls  and  Daleville. 

As  the  Anderson  substation  supplied  power  to  the  local  lines 
in  addition  to  the  interurban  lines,  two  special  wattmeters  (/  and 
/)  were  placed  in  the  feeders  extending  east  and  west  from  Ander- 
son. At  Muncie  two  switchboard  recording  wattmeters  are 
supplied  for  determining  the  output  of  the  two  rotaries  in  this 
substation.  The  battery  charge  and  discharge  was  determined 
by  two  recording  wattmeters  {c  and  d)  as  at  Lawrence,  Ingalls 
and  Daleville,  with  the  addition  of  the  recording  wattmeter  (e) 
which  was  permanency  connected  in  the  batter>'  lead  so  that  it 
ran  forward  when  the  batter>'  was  charging  and  backward  when 
the  battery  was  discharging.  The  recording  wattmeter  (/) 
placed  in  the  interurban  feeder  registered  the  amount  of  the 
output  of  the  Muncie  substation  which  was  deUvered  to  the 
interurban  cars.  This  substation  also  supplied  the  cars  of  the 
local  line  with  power.  At  Elwood  and  Fairmount  the  rotar>' 
output  was  determined  by  the  switchboard  recording  wattmeter 
(e)  permanently  connected  in  the  battery  lead.  At  Alexandria 
the  same  conditions  existed  as  at  Elwood  and  Fairmount  except 
that  two  switchboard  recording  wattmeters  are  provided  for 
determining  the  rotary  output.  At  Marion  the  same  conditions 
obtained  as  at  Alexandria  except  that  an  additional  record- 
ing wattmeter  (/?)  was  placed  in  the  portable  substation  to  deter- 
mine the  output  of  the  rotar>\  In  all,  therefore,  there  were 
twelve  switchboard  recording  wattmeters  in  use  for  determining 
the  output  of  the  rotaries  and  one  temporary  recording  watt- 
meter for  determining  the  output  of  the  portable  substation 
rotary.  Fifteen  temporary  recording  wattmeters  were  used  for 
determining  the  charge  and  discharge  of  the  storage  batteries 
and  three  special  feeder  recording  wattmeters  for  determining 
the  proportions  of  the  output  of  the  Anderson  and  Muncie  sub- 
stations which  were  delivered  to  the  interurban  feeders. 

During  the  tests  the  d.c.  instruments  which  have  been  men- 
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tioned,  except  the  feeder  ammeters,  were  read  in  all  of  the  sub- 
stations every  fifteen  minutes.  Simultaneously  with  these 
readings  a  polyphase  recording  wattmeter,  which  registered  the 
central  station  output,  was  read  and  readings  were  also  taken 
from  recording  wattmeters  placed  in  each  one  of  the  interurban 
cars  plying  between  Indianapolis  and  Muncie. 

All  of  the  instruments  used  in  the  test  were  carefully  calibrated 
by  being  compared  with  standards.  The  method  of  calibrating 
the  recording  wattmeters  was  as  follows:  the  time  was  taken 
during  which  a  certain  number  of  revolutions  of  a  wattmeter- 
disc  were  made,  while  during  the  same  time  rapid  observations 
were  made  of  the  current  and  voltage  fluctuations.  From  the 
latter  the  average  of  the  current  and  voltage  during  the  time  the 
revolutions  of  the  wattmeter  disc  were  being  made  were  deter- 
mined.    The  constant  of  the  wattmeter  is  found  by  the  formula: 

-.  _  Watt  hours  _  ExIxT 
~  revolutions  "  3000  xR 

Where  E  is  the  average  voltage, 

/  the  average  current, 

T  the  time  in  seconds, 

and  R  the  number  of  revolutions  of  the  disc. 

The  wattmeters  were  all  calibrated  while  connected  in  with  the 
service  lines.  The  constants  determined  for  many  of  the  watt- 
meters differed  widely  from  those  given  by  the  manufacturers. 
This  is  probably  due  to  the  fact  that  in  many  cases  the  watt- 
meters ran  far.  below  their  rated  current  capacity.  This  was 
unavoidable  on  account  of  the  fact  that  the  capacity  of  the  watt- 
meters had  to  be  sufficient  to  take  the  peak  loads.  Where  the 
wattmeter  was  permanently  connected  in  the  storage  battery 
leads,  as  at  Muncie,  Alexandria,  Fairmount,  Marion  and  Elwood, 
so  that  it  ran  both  forward  and  backward,  the  instnunent  had 
to  be  calibrated  for  both  methods  of  operation.  It  was  found 
that  the  constants  of  these  instruments  when  running  forward 
were  quite  different  from*  the  constants  of  the  instnmients  when 
running  backward. 

The  polyphase  wattmeter  at  the  power  house  was  also  cali- 
brated, and  as  the  calibration  showed  its  error  was  probably  not 
greater  than  these  of  observation,  its  readings  were  assumed  to 
be  correct. 
Efficifncy  of  High  and  Low-Tension  Distribution  Lines. 

The   arrangement  of  the  high-tension  feeders  between  the 
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central  station  at  Anderson  and  the  several  substations  has 
already  been  described.  In  determining  the  efficiency  of  the 
high  tension  distribution  system  recourse  is  had  to  the  central 
and  substation  records.  In  Table  I.  the  total  outputs  of  the 
rotaries  in  the  different  substations  for  the  different  days  of  the 
test  are  recorded.  In  Table  II.  that  part  of  tWe  total  output  of 
the  main  generating  station  at  Anderson  is  recorded  which  was 
delivered  to  the  primary  windings  of  the  high-tension  trans- 
formers. These  values  are  equal  to  the  total  output  of  the  ge'ner- 
ating  units  as  given  by  the  recording  wattmeter  on  the  load  panel, 
less  the  power  taken  from  the  primary  bus-bars  by  the  rotaries  lo- 
cated in  the  generating  station.  Table  II.  also  records  the  total 
power  delivered  to  the  low-tension  feeders  by  the  substations 
which  derived  their  energy  from  the  high-tension  system.  The  d.c. 
output  of  Table  II.  is  therefore  the  sum  of  the  readings  of  all  the 
rotary  wattmeters  less  the  output  of  the  rotaries  in  the  Anderson 
substation,  as  these  were  fed  directly  from  the  generating  station 
bus-bars  through  auto-transformers  and  not  through  the  high- 
tension  lines.  The  all-day  efficiencies  obtained  run  very  close 
together,  averaging  73 J  per  cent.;  this  is  the  efficiency  of  the 
high-tension  distribution  from  the  low-tension  bus-bars  in  the 
generating  station  to  the  direct  current  terminals  of  the  rotaries. 
In  determining  the  efficiency  of  the  high-tension  transmission 
lines,  the  amount  of  energy  lost  in  the  raising  and  lowering  trans- 
formers, as  well  as  in  the  rotary  converters,  had,  of  necessity,  to 
be  determined.  The  transformers  were  not  worked  up  to  their 
full  capacity;  the  load  on  the  single,  or  a  and  e.  stations,  Fig.  1 
averaging  about  40  per  cent.,  the  load  on  the  Muncie  station 
averaging  about  34  per  cent,  and  that  on  the  Alexandria  and 
Marion  stations  but  30  per  cent,  of  the  total  full  load  capacity  of 
the  transformers.  By  an  inspection  of  the  transformer  efficiency 
curve  supplied  by  the  manufacturers,  it  is  estimated  that  the 
average  efficiency  at  which  the  transformers  worked  is  not  far 
from  95  per  cenU  and,  as  recorded  in  Table  IV.,  this  value  has 
been  used.  To  obtain  the  average  working  efficiency  of  the 
rotary  converters,  a  special  test  was  made  on  the  rotaries  in  the 
Alexandria  substation,  beginning  on  April  27th  and  ending  on 
April  30th.  In  arranging  for  this  test  an  alternating  current 
recording  wattmeter  was  connected  in  each  of  the  three  alternat- 
ing current  leads  of  one  of  the  rotaries.  The  sum  of  the  readin;;s 
of  these  wattmeters  gave  the  rotar>'  input,  while  the  output  was 
given  by  the  regular  direct  current  station  recording  wattmeter : 
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the  instruments  were  read  every  hour.  From  these  two  sets  of 
readings  the  efficiency  was  estimated  by  determining  the  ratio 
of  the  output  to  the  input  of  the  rotaries  over  selected  periods  of 
one,  six  and  twelve  hours;  the  results  of  these  efficiency  deter- 
minations are  given  in  Table  III.  and  plotted  in  Fig.  25.  It  will 
be  observed  that  the  load  on  the  rotary  imder  test  varied  from 
.23  to  54  per  cent,  of  the  capacity  of  the  rotary,  and  that  the 
average  of  the  efficiency  record  is  practically  88  per  cent. ;  and 
since  all  of  the  rotaries  installed  are  identical  in  design  and  con- 
struction, it  may  be  safely  assumed  that  the  efficiency  as  deter- 
mined above  for  one  rotary  is  applicable  to  all  the  rest  of  the 
rotaries.  Further,  the  average  load  on  the  substations  varied 
between  30  and  40  per  cent.,  of  the  capacity  of  the  rotaries  in  the 
several  substations,  and,  therefore,  the  records  in  Table  III.  show 
that  the  rotary  under  test  was  subjected  to  an  average  degree  of 
loading.  The  figure,  88  per  cent.,  has  been  used,  as  recorded  in 
Table  IV.,  in  determining  the  energy  lost  in  the  rotaries. 

Having  the  transformer  and  rotary  efficiencies  estimated  with 
a  fair  degree  of  accuracy,  it  was  a  simple  matter  to  determine  the 
input  to  the  high-tension  line  from  the  input  to  the  step-up  trans- 
formers, and  the  output  from  the  high-tension  line  from  the 
output  of  the. rotaries.  Taking  the  ratio  of  these  values  we  find 
that  the  average  efficiency  of  the  high-tension  distributing  system 
is  93  per  cent.,  being  practically  constant  for  the  three  days. 
This  result  indicates  that  the  efficiency  of  the  high-tension  system 
in  operation  is  somewhat  less  than  the  efficiency  for  which  it  was 
calculated.  When  installed  it  was  estimated  that  the  high- 
tension  lines  would  absorb  7  per  cent,  of  the  energy  transmitted 
when  the  system  was  working  under  full  load;  inasmuch  as  the 
average  load  was  not  in  excess  of  40  per  cent,  of  the  capacity  of 
the  system,  the  efficiency  shown  by  the  test  is  lower  than  what 
would  be  expected. 

In  determining  the  efficiency  of  the  low-tension  distributing 
system,  the  ratio  is  taken  of  the  total  power  delivered  to  the  cars 
to  the  total  power  delivered  into  the  low-tension  feeders  from  the 
substations.  The  determination  of  the  amount  cf  power  sup- 
plied by  the  substations  to  the  low-tension  distributing  system  is 
given  in  Table  V.  Owing  to  the  fact  that  it  was  only  possible 
to  equip  the  interurban  cars  plying  between  Indianapolis  and 
Muncie  with  the  recording  wattmeters,  the  efficiency  of  only  this 
portion  of  the  low-tension  transmission  system  was  made.  On 
account  of  the  fact  that  the  Muncie  substation  supplied  the 
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power  for  the  local  cars  in  Muncie,  it  was  necessary  to  install  a 
special  recording  wattmeter  in  the  interurban  feeder  from  the 
Muncie  substation.  The  Anderson  substation  also  supplied 
power  for  the  operation  of  the  local  cars  in  Anderson ;  and  accord- 
ingly a  wattmeter  had  to  be  placed  in  the  feeders  which  run 
East  and  West  from  the  Anderson  substation  supplying  powei:  to 
the  interurban  cars. 

Circuit-breakers  were  inserted  at  the  city  limits  in  Muncie  and 
in  Anderson.  This  arrangement  effectively  prevented  any  error 
entering  into  the  efficiency  determinations,  inasmuch  as  the  watt- 
meters on  the  interurban  cars  were  read  whenever  these  circtiit- 
breakers  were  passed.  In  determining  the  power  delivered  to  the 
low-tension  distributing  system  from  the  substations,  the  battery 
charges  were  in  each  case  subtracted  from  the  sum  of  the  rotary 
outputs  and  the  battery  discharges,  except  in  the  case  of  the 
Anderson  and  Muncie  substations  where  the  results  were  ob- 
tained directly  from  the  feeder  wattmeters.  The  results  of  the 
efficiency  determinations  show  that  the  efficiency  of  the  low- 
tension  distribution  system  over  the  Anderson-Muncie  division 
is  about  5  per  cent,  higher  than  that  over  the  Indianopolis- 
Anderson  division.  The  loss  of  the  former  amounts  to  about 
22  per  cent,  and  that  of  the  latter  about  28  per  cent,  of  the  energy 
delivered  to  the  low-tension  feeders.  The  average  efficiency  of 
the  low-tension  transmission  for  the  three  days  of  the  test  over 
the  Muncie-Indianapolis  lines  was  74 J  per  cent.,  which  sho./s  a 
loss  in  the  distributing  system  of  25^  per  cent,  of  the  energy 
delivered  by  the  substations  to  the  feeders. 

Storage-Battery  Tests. 

Having  obtained  a  fair  understanding  of  the  conditions  which 
existed  over  the  system,  we  can  now  profitably  turn  to  the 
records  which  were  made  of  the  storage-battery  performances  in 
the  various  substations.  The  connections  in  the  substations  are 
shown  in  Fig.  26.  From  these  it  will  be  seen  that  the  booster  is 
so  connected  in  the  batteiy  circuit  as  automatically  to  adjust  the 
battery  voltage  to  the  demand  on  the  substation;  in  other  words, 
the  battery  charges  and  discharges  automatically,  feeding  out  to 
the  line  when  the  demand  is  above  a  given  amount,  and  being 
charged  by  the  rotaries  when  the  demand  falls  below  that 
amount.  The  potential  at  which  the  battery  will  float  on  the 
system,  or  the  demand  on  the  system  con-esponding  to  which  the 
battery  is  inactive,  can  be  adjusted  at  any  desired  point  by  the 
switchboard  attendant;  this  fact  is  to  be  remembered  in  con- 
nection with  the  data  which  is  presented. 
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Prior  to  the  main  test,  a  special  test  was  made  of  the  storage- 
battery  in  the  Ingalls  substation  on  the  23d  of  March,  1902^ 
between  8:15  a.m.,  and  8:00  p.m.  The  record  of  the  rotary  cut- 
put  during  this  time  is  given  in  Fig.  2 ;  the  battery  current  and 
the  battery  and  line  voltage  are  not  plotted  in  Fig.  2,  but  these 
quantities  are  given  in  Fig.  3  for  the  period  of  the  test  between 
5:00  and  7:00  o'clock.  The  results  are  plotted  to  a  much  larger 
time-scale  in  Fig.  3  than  in  Fig.  2  and  more  perfectly  show  the 
load  variations. 

The  records  in  Fig.  2  are  given  to  show  the  load  cycle  on  the 
Ingalls  substation.  The  cycle  is  caused  by  the  manner  in  which 
the  local  interurban  cars  and  the  limited  interurban  cars  pass  the 
substation.  At  the  even  hour  the  local  interurban  cars  running 
both  East  and  West  are  so  far  from  the  station  as  to  make  but  a 
slight  demand  upon  it  for  power;  however,  at  twenty-five 
minutes  past  the  hour  a  local  interurban  car  passes  going  East 
and  at  thirty -five  minutes  past  the  hour  another  passes  going 
West;  this  cycle  was  repeated  each  hour.  The  limited  inter- 
urban cars  approach  and  pass  the  station  just  before  and  just 
after  the  even  hours  every  third  hour,  i.e.,  at  five  minutes  to 
twelve  a  limited  car  passes  the  station,  going  East,  and  at  fiwe 
minutes  past  twelve  a  limited  car  passes  the  station,  going  West 
at  five  minutes  to  three  another  limited  passes  the  station,  going 
East,  and  at  five  minutes  past  three  a  limited  passes  the  station, 
going  West.  By  the  letters  I  E  for  the  local  interurban  going 
East  and  I  W  for  the  local  interurban  going  West,  by  L  E  for 
the  limited  interurban  going  East  and  L  W  for  the  limited  inter- 
urban going  West,  the  times  at  which  the  interurban  cars  pass 
the  Ingalls  substation  are  indicated  on  Fig.  2.  It  will  be  noted 
that  the  points  of  maximum  demand  usually  fall  about  the  time 
(according  to  the  schedule)  the  cars  should  be  passing  the  sub- 
station. 

The  maximum  capacity  of  the  rotar\'  of  this  substation  is  500 
amperes,  and  it  will  be  noted  that  the  lead  on  the  rotar}''  during 
the  twelve-hour  test  rarely  exceeded  this  maximum  amount,  the 
average  load  being  between  200  and  250  ami)eres.  The  readings 
from  wnich  these  curves  are  plotted  were  taken  with  great  care, 
Fig.  2  being  plotted  from  readings  taken  at  thirty -second  inter- 
vals and  Fig.  3  from  readings  taken  at  fifteen-second  intervals. 
In  Fig.  3  the  batter\'  current  and  the  rotary  current  are  shown  by 
full  lines.  The  algebraic  sum  of  the  battery  and  rotary  currents 
give  the  dotted  line  which  crosses  the  rotar}'^  current  line;  this 
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dotted  line  shows  the  total  demand  on  the  substation  by  the 
trains.  The  line  voltage  is  shown  by  a  full  curve  at  the  top  of 
the  chart,  the  dotted  curve  being  the  battery  voltage.  The 
maximum  discharge  rate  for  one  hour  of  the  battery  in  the  Ingalls 
substation  is  IGO  amperes.  The  maximum  demand  made  upon 
the  battery  in  one  instance  was  as  high  as  270  amperes  and  in 
another  ran  up  to  175  amperes;  in  general,  however,  the  demand 
upon  the  battery  was  not  especially  heavy,  not  often  exceeding  100 
amperes,  and,  frequently  for  a  considerable  period  of  time  falling 
within  the  eight-hour  discharge  rate  of  40  amperes.  The  greatest 
instantaneous  demand  on  the  station  recorded  in  Fig.  3  occurred 
at  6:55  p.  m.,  when  the  load  momentarily  ran  up  to  700  amperes. 
The  accuracy  of  the  results  plotted  in  Fig.  3  is  indicated  by  the 
fact  that  when  the  battery  is  discharging  the  battery  voltage 
always  drops  below  the  line  voltage,  and,  that  when  the  battery 
is  charging,  the  battery  voltage  runs  .above  the  line  voltage. 

The  curves  of  Fig.  3  have  been  made  chiefly  useful  in  deter- 
mining the  "  efficiency  of  equalization,''  of  the  battery  in  this  sub- 
station. The  efficiency  of  equalization  designates  the  extent  to 
which  a  storage-battery  is  successful  in  maintaining  the  demand 
on  a  rotary  converter  or  generator  at  the  true  average  of  the  load 
under  the  variable  conditions  of  service.  If  a  line  be  drawn 
that  represents  the  average  load  on  a  station  and  the  rotary  load 
curve  coincices  with  it,  the  battery  may  be  said  to  have  an  **effi« 
ciency  of  equalization  of  100  per  cent."^;  i.e.,  it  performs  its  func- 
tion as  an  equalizer  perfectly.  On  the  other  hand,  if  the  rotary 
curve  follows  the  line  load-curve,  the  battery  is  obviously  inac- 
tive, and, therefore,  its  efficiency  of  equalization  is  zero.  The  effi- 
ciency of  equalization  may  then  be  defined  as  the  ratio  Df  that 
portion  of  the  rotary  load-curve  that  is  above  the  average  load 
curve  to  that  portion  of  the  line  load-curve  that  is  above  the 
average  load-curve.  In  the  present  instance  the  efficiency  of 
equalization  of  the  battery  works  out  to  be  11.9  per  cent.;  i.e., 
the  battery  only  reduces  the  irregularities  in  the  demand  on  the 
substation  from  the  line  by  11.9  per  cent  of  what  the  demand  on 
the  rotaries  would  be  if  the  battery  so  equalized  the  load  that  the 
r^taries  worked  constantly  under  .a  load  equal  to  the  average  of 
the  variable  demand  made  upon  the  substation  by  the  cars 

Th3  result  of  these  considerations  indicates  that  the  adjust- 
ment in  the  substation  was  somewhat  faulty;  the  booster  and 
l)attery  are  not  so  arranged  as  to  enable  the  battery  to  respond 
with  sufficient  promptness  in  taking  care  of  variations  in  the  load 
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which  occur.  It  is  not  a  case  of  the  battery  not  having  sufficient 
capacity  for  the  duty  which  it  is  called  upon  to  perform,  as  the 
maximum  variations  in  the  load  seldom  exceed  250  amperes  and 
more  frequently  run  within  150  amperes.  No  attempt  was  made 
to  remedy  the  faulty  action  of  the  booster  set,  as  until  the  recorded 
data  could  be  worked  up  no  estimate  could  be  made  of  the  per- 
formance of  the  battery  in  this  particular. 

In  order  to  determine  the  duty  performed  by  the  boosters  in 
the  substations,  a  determination  has  been  made  from  the  read- 
ings taken  in  the  Lawrence  substation  during  the  main  test  of  the 
average  amount  of  boosting  done  by  the  booster  during  each  of 
the  three  days.  On  the  first  day,  April  17th,  the  line  voltage 
averaged  15.5  volts  higher  than  the  battery  voltage;  oq  the 
second  day,  the  line  voltage  averaged  31  volts  higher  than  the 
battery  voltage  and  on  the  third  day  10.6  volts  higher  than  the 
battery  voltage.  The  Ingalls  and  Lawrence  substations,  as 
indicated  by  Table  I.,  have  about  the  same  rotary  output  in  k.w. 
hours  per  day.  The  average  current  demand  made  on  these  sub- 
stations is  not  far  from  175  amperes  and,  consequently,  the  normal 
demand  made  upon  the  boosters  is  from  1.75  to  5.25  k.w.  The 
capacity  of  the  boosters  in  the  Ingalls  and  Lawrence  substations 
is  8  k.w.,  and  it  is  probable  that  very  frequently  so  heavy  a 
demand  is  made  upon  the  boosters  that  they  have  not  the 
capacity  to  enable  them  adequatel}"^  to  meet  the  demand.  If  the 
boosters  had  been  equipped  with  a  heavy  flywheel,  the  chances 
are  that  the  **  efficiency  of  equalization  **  of  the  storage- battery 
would  be  very  greatly  improved  over  what  the  results  recorded 
make  it  possible  to  report. 

At  the  time  of  planning  for  the  tests  which  were  made  on  the 
storage-battery  it  was  hoped  that  data  would  be  accumulated 
which  would  make  it  possible  to  determine  the  exact  commercial 
efficiency  of  the  storage-battery  equipments  of  the  various  sub- 
stations. When,  however,  it  is  remembered  that  it  was  not 
possible  to  subject  the  storage-batteries  to  any  definite  cycle  of 
loading,  and  that  it  is  extremely  difficult  when  a  definite  cycle  of 
loading  does  not  exist  to  keep  a  sufficiently  accurate  hold  on  the 
battery  to  admit  of  its  being  brought  to  the  same  condition  once 
in  24  hours,  the  difficulties  in  the  way  of  obtaining  any  accurate 
efficiency  estimates  are  at  once  apparent. 

In  scanning  the  records,  efforts  were  made  to  obtain  efficiency 
indications  by  a  comparison  of  wattmeter  readings  made  at 
times    when    the  battery  current  was  zero  and  the  voltagi*.  the 
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same,  on  the  assumption  that  within  reasonably  short  periods  of 
time  the  variations  in  the  battery-solution  would  not  be  sufficient 
to  affect  the  results  materially.  Inspection,  however,  proved 
that  the  variations  which  took  place  in  the  load  upon  the  battery 
were  entirely  too  rapid  for  the  voltage  record  to  be  sufficiently 
reliable  for  the  purpose  contemplated,  and,  therefore,  all  at- 
tempts to  determine  the  performance  of  the  batteries  in  terms  of 
commercial  efficiency  were  abandoned.  In  lieu  of  these  deter- 
minations an  effort  has  been  made,  by  virtue  of  the  presentation  of 
the  recorded  data  which  is  given  in  Figs.  4  to  23,  to  throw  some 
light  on  the  service  which  the  different  batteries  were  required  to 
render. 

Figs.  4,  5,  6  and  7  relate  to  the  battery  in  the  Lawrence  sub- 
station. Fig.  4  is  the  load-curve  for  the  three  days  of  the  test  on 
this  battery.  The  ordinates  represent  the  k.w.  hour  load  for 
4-hour  periods  plotted  above  the  mean  time  of  the  period.  For 
instance,  the  ordinate  which  determines  the  peak  in  the  after- 
noon of  the  third  day  gives  the  k.w.  hour  output  of  the  substation 
between  4  and  8  p.  m.,  and  is  plotted  over  the  6  p.  m.  abscissa. 
The  curves  of  Fig.  4  therefore  indicate  the  demand  made  on  the 
substation  by  the  cars  during  4-hour  periods.  In  Fig.  5  the 
charge  and  discharge  of  the  Lawrence  substation  battery  is  also 
shown  for  4-hour  periods.  For  instance,  during  almost  any 
period  of  four  hours  the  battery  is  both  charged  and  discharged 
and  the  total  charge  and  discharge  values  common  to  a  4-hour 
period  are  plotted  over  the  center  on  that  period.  For  instance, 
the  charge  between  12  and  4  p.  m.  of  the  second  day  was  26  k.w. 
hours  and  the  discharge  during  the  same  period  was  19  k.w.  hours. 

The  curves  of  Fig.  6  show  the  excess  of  the  charge  over  the  dis- 
charge or  of  the  discharge  over  the  charge  in  k.w.  hours  for  4- 
hour  periods.  In  other  words,  the  areas  of  Fig.  6  are  the  alge- 
braic differences  of  the  charge  and  discharge  areas  of  Fig.  5. 
From  these,  therefore,  we  can  determine  the  total  charge  or  dis- 
charge over  the  discharge  or  charge  for  any  4-hour  period.  For 
instance,  between  8  and  12  p.  m.  of  the  second  day  the  battery  had 
an  excess  of  charge  over  discharge  equal  to  40  k.w.  hours,  while 
between  12  and  4  a.  m.  of  the  third  day  the  battery  was  discharged 
more  than  it  was  charged  by  an  amount  of  30  k.w.  hours.  Fig.  7 
shows  the  rate  at  which  the  battery  was  charged  or  discharged  in 
excess  of  the  discharge  or  charge  during  any  4-hour  period.  For 
instance  between  8  and  12  p.  m    of  the  third  day  the  battery 
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received  a  charge  eight  times  greater  than  the  discharge  wliich 
occurred  during  this  4-hour  period,  while  between  12  midnight 
and  4  a.  m.  of  the  third  day  the  battery  received  a  discharge 
which  was  eleven  times  greater  than  the  charge  which  it  received 
during  the  same  period. 

An  interpretation  of  Curves  4,  5,  6  and  7  considered  collect- 
ively indicates  with  a  good  degree  of  accuracy  the  kind  of  service 
which  the  Lawrence  substation  battery  rendered  during  the  three 
days  of  the  test.  On  the  first  day  in  the  forenoon  the  battery 
was  discharged  more  than  it  was  charged,  but  the  rate  of  dis- 
charging in  the  morning  of  the  first  day  was  not  great.  Early  in 
the  morning  of  the  third  da)r  ihe  battery  received  about  the  same 
discharge  and  was  charged  during  the  same  period  only  a  very 
little,  so  that  the  rate  of  charge  for  this  time  was  quite  high. 
Between  8  and  12  p.  m.  of  the  second  day,  as  shown  by  Fig.  5,  the 
battery  received  a  charge  of  50  k.w.h.  and  was  discharged  10 
k.w.h.  The  ratio  of  the  charge  to  the  discharge  is  in  this  case  a 
little  over  5,  whereas  in  the  early  morning  of  the  same  day, 
although  the  charge  was  only  12  k.w.h.  the  discharge  was  3  k.w.h. 
and  therefore  the  rate  of  charge  over  discharge  a  little  over  4. 
The  value  of  the  ratio  curves  is  in  determining  the  accuracy  with 
which  the  switchboard  attendant  adjusts  condition^  in  his  sub- 
station to  meet  the  average  demand  from  the  line.  If  \/e  assume 
that  during  any  four  hour  period  the  charge  and  discharge  of  a 
battery  is  such  as  to  maintain  the  battery  in  the  same  average 
condition  during  this  time,  the  ratio  curve  will  be  a  straight  line 
displaced  \\  points  above  the  zero  line,  if  the  commercial  effi- 
ciency of  the  battel  y  is  80  per  cent. 

Figs.  8,  9,  10  and  11  are  plotted  from  the  data  obtained  from 
the  test  of  the  Ingalls  substation  in  the  same  manner  as  were  the 
curves  for  the  Lawrence  substation  just  discussed.  However, 
Table  VIL  indicates  that  the  battery  in  the  Ingalls  substation 
was  worked  a  little  harder  during  the  three  days  than  was  that 
in  tlic  Lawrence  station.  The  working  conditions  in  the  Ingalls 
substation  are  very  good.  It  will  be  noted  that  the  ratio  curve 
during  most  of  the  time  runs  along  between  the  positive 
value  of  one  and  two,  indicating  that  during  any  4-hour  period 
the  battery  v/as  made  to  charge  slightly  more  than  it  discharged. 
The  performance  for  the  three  days  as  shown  in  Fig.  7  indicates  an 
efiiciency  of  74  per  cent,  for  the  battery;  this  efficiency  being 
taken  as  the  ratio  of  the  charge  to  the  discharge  during  the  three 
days.     Had  the  switchboard  attendants  been  a  little  more  careful 
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the  batter}'  could  have  been  carried  through  the  test  working  on  a 
maximum  efficiency  basis.  The  term  maximum  efficiency  is  here 
used  to  indicate  the  best  efficiency  at  which  the  battery  can  be 
operated. 

The  4-hour  period  which  has  been  made  the  basis  in  this  dis- 
cussion has  been  assumed  arbitrarily,  for  the  reason  that  it  seems 
long  enough  to  insure  a  proper  gauge  of  the  average  performance 
and  not  too  long  to  obscure  it.  The  average  performance  of  the 
Ingalls  substation  batter}'  for  the  three  days  is  more  nearly  what 
it  should  be  than  that  of  any  other  of  the  stations  tested.  The 
station  shows  an  efficiency  for  the  three  days  cf  88  per  cent., 
which  is  3  per  cent,  above  the  efficiency  claimed  for  the  batteries 
by  the  manufacturers.  The  ratio  curve  maintains  a  good  posi- 
tive value  which  would  have  been  greatly  improved  had  not  the 
two  discharge  peaks  between  12  and  4  a.m.  cf  the  first  and  third 
days  occurred. 

Figs.  12,  13,  14  and  15  are  plotted  from  the  data  at  the  Ander- 
son substation.  These  curves  indicate  the  extremely  variable 
conditions  which  exist  at  this  substation  owing  to  the  fact  that 
local  and  interurban  cars  bring  about  ver}'  irregular  conditions 
of  load.  In  spite  of  the  fact  that  this  batter}'  snows  heavier 
charge  and  discharge  periods  of  long  duration  than  that  of  any 
of  the  other  substations,  the  ratio  curve  is  comparatively  good, 
being  in  fact  as  good  as  any,  and  much  better  than  the  ratio  curve 
of  the  Daleville  substation,  in  which  the  tax  upon  the  batter}^ 
was  much  less  marked.  The  Daleville  curves  which  are  shown 
in  Figs.  16,  17,  18  and  19  indicate  quite  clearly  that  the  batter}' 
was  practically  floating  on  the  system  most  of  the  time,  as  during 
no  4-hour  period  did  its  discharge  over  its  charge  exceed  14  per 
cent,  of  the  4-hour  discharge  rating  of  the  battery.  The  effi- 
ciency of  the  battery  for  the  three  days  is  76  per  cent. 

The  substation  at  Muncie,  next  to  that  at  Anderson,  shows  the 
largest  output  of  any  of  the  substations  for  which  curves  have 
been  plotted.  As  indicated  by  the  ratio  curve  of  Fig.  23,  the  dis- 
charge of  this  battery  was  ver}'  much  in  excess  of  the  charge  and 
in  fact  for  the  three  days  the  station  shows  an  efficiency  cf  112 
per  cent.  As  at  Anderson  so  at  Muncie  t^e  local  street  railway 
cars  make  an  irregula*-  de.iiand  upon  the  station.  This  largely 
accounts  for  the  fact  that  iio  si)ecial  discliargc  cycle  is  noticeable. 
The  charge  cycle,  Imwever,  is  fairly  re<(ular  as  shown  by  Fig.  21. 
Most  of  the  substations  have  a  fairly  uniform  charging  cycle. 
This  cycle  is  particularly  well  brought  out  in  the  case  of  the 
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Lawrence  substation  on  the  second  and  third  days.  The  charg- 
ing cycle  shown  by  the  curves  of  the  second  day  in  Fig.  9  is 
probably  characteristic  of  the  Ingalls  substation.  The  charge 
curve  of  the  third  day  in  Fig.  13,  it  is  believed,  represents  the 
ordinary  charge  cycle  of  the  Anderson  battery ;  but  for  the  de- 
pression which  occurred  on  the  second  day  during  the  8  to  12 
A.  M.  period  the  charging  cycle  would  have  repeated  itself  during 
the  two  last  days  of  the  test.  The  charging  cycle  of  the  Daleville 
substation  is  not  specially  characteristic  in  outline.  The  first  and 
second  days,  however,  show  in  general  what  is  to  be  expected. 
In  the  case  of  Muncie  the  first  and  third  days  are  probably  more 
representative  of  the  charging  cycle  in  this  station  than  is  the 
second  day. 

It  very  frequently  happ^^ns  that  for  a  while  in  the  early  morning 
the  generators  in  the  central  station  at  Anderson  are  shut  down. 
During  these  periods  such  trains  as  may  be  operating  are  supplied 
with  energy  from  the  substation  storage  batteries.  For  instance, 
none  of  the  generators  was  in  service  between  1.30  a.  m.  and  4.15 
A.  M.  on  April  18th  and  none  of  them  was  in  service  between  1.30 
A.  M.  and  4.15  a.  m.  on  April  10th.  Here  then  we  have  two 
periods  of  2.75  hours  during  which  such  trains  as  were  operated 
were  supplied  with  power  from  the  storage  batteries.  This  con- 
dition of  rest  in  the  central  station  is  reflected  in  the  curves  of 
Figs.  5,  9,  13,  17  and  21  by  the  discharge  peaks  which  are  shown 
between  12  midnight  and  4  a.  m.  of  April  19th.  All  of  the  bat- 
teries were  then  required  to  discharge  quite  heavily.  The  de- 
mand which  was  made  upon  the  Lawrence,  Ingalls  and  Anderson 
substations  being  particularly  heavy.  Between  12  midnight  and 
4  .\.  M.  on  April  18th,  owing  to  some  local  cause  a  demand  was 
made  upon  the  battery  in  the  Anderson  substation.  On  the 
morning  of  the  18th,  however,  none  of  the  other  substations  is 
carrying  any  special  load  except  the  Muncie  substation.  The 
Muncie  battery  discharge  curve  as  shown  in  Fig.  21  differs  very 
markedly  from  the  discharge  curves  of  the  other  substations  owing 
to  the  fact  that  during  the  whole  of  the  three  days  the  average  of 
four  hours  never  falls  below  44  k.w.h.  nor  rises  above  85  k.w.h. 
In  other  words,  this  battery  maintains  a  discharge  rate  av.erag- 
ing  closely  58  k.w.h.  for  each  4-hour  period  during  the  three  days. 
There  is  evidently  **  something  doing  "  in  Muncie  all  the  time. 

Tables  VII.,  VIII.  and  IX.  contain  data  which  show  the  de- 
gree to  which  the  storage-batteries  in  the  substations  were 
worked  over  4-hour  periods.     The  Ingalls  substation  developed 
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the  highest  discharge  performance,  as  during  the  four  hours 
between  12  midnight  and  4  a.  m.  on  April  19th,  it  developed  39 
per  cent,  of  its  discharge  capacity.  The  Marion,  Anderson  and 
Muncie  batteries  never  developed  more  than  28  per  cent,  of  their 
discharge  capacity  over  a  4-hour  period,  and  at  Daleville  the 
discharge  performance  during  a  4-hour  period  did  not  exceed  14 
per  cent.  These  figures  all  go  to  show  that  as  gauged  by  the 
average  demand  on  the  substations,  the  batteries  are  amply 
large  enough  to  take  care  of  variations  in  the  demands  made  on 
the  substations  by  the  trains.  It  is  confidentally  believed,  how- 
ever, as  has  already  been  pointed  out  in  the  discussion  of  the 
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special  test  on  the  storage-battery  at  the  In^alls  substation  (see 
Figs.  2  and  3),  the  motors  driving  the  booster  armatures  were  not 
heavy  enough  to  hold  up  to  the  momentary  demands  which 
rapid  changes  in  the  load  bring  upon  the  substations,  assuming 
the  booster  field  windings  are  correctly  designed.  Proper  ad- 
justment would  undoubtedly  cause  the  batteries  to  sliow  a  very 
much  higher  charge  and  discharge  k.w.  performance  during  the 
4-hour  intervals,  and  they  would  better  serve  to  reduce  the  fluc- 
tuations I. -fleeted  through  the  substations  from  the  trains  to  the 
central  station.  A  dimmution  in  the  fluctuations  of  the  load  on 
the  central  station  at  Anderson  will  in  tu^'n  increase  the  econ- 
omy of  the  generating  machinery.      This  is  a  point   to   which 
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attention  should  be  given  in  laying  out  substations  for  work  of 
this  character,  and  it  is  one  to  which  it  is  believed  sufficient  at- 
tention has  not  heretofore  been  directed. 

The  average  commercial  performance  shown  by  the  batteries 
during  the  three  days  of  the  test  turns  out  to  be  74  per  cent,  for 
the  Marion  battery,  88  per  cent,  for  the  Ingalls,  96  per  cent,  for 
the  Anderson  battery,  76  for  the  Daleville  and  112  per  cent,  for 
the  Muncie  battery.  Taking  the  ratio  of  the  total  discharge  of  all 
of  the  batteries  to  the  total  charge  of  all  the  batteries  in  these  five 
substations,  we  obtain  an  aggregate  efficiency  of  95  per  cent,  for 
the  batteries  in  the  substation;  or,  if  we  average  the  efficiency 
values  as  obtained  for  the  five  substations,  we  get  89  per  cent,  as 
the  average  efficiency  of  the  batteries  during  this  time.  These 
values  are  high,  and  yet  they  continue  so  for  relatively  long 
periods  without  any  special  indications  of  deterioration  in  the 
batteries.  The  batteries  were  left  entirely  in  charge  of  the 
station  attendants,  and  no  effort  was  made  at  any  time  to  in  ary 
way  modify  the  usual  performances.  The  tests  indicate  that  these 
high  efficiencies  have  been  maintained ,  owing  to  the  fact  that  only  a 
slight  tax  has  been  made  upon  the  capacity  of  the  batteries  by  the 
service  to  which  they  are  commonly  subjected.  Of  course,  the 
continuation  of  this  kind  of  service  indefinitely  would  in  time 
make  itself  felt  and  cause  deterioration  in  the  batteries,  a  condi- 
tion indicated  by  marked  changes  in  the  density  of  the  electyo- 
lyte  and  rectified  by  a  special  charge  being  given  to  the  battery 
at  relatively  long  intervals  to  bring  it  back  to  normal  conditicn. 
Over  the  system  tested  it  is  the  practice  to  give  the  batteries  a 
special  charge  on  Sunday  morning,  thus  bringing  them  bad'  to 
good  normal  condition  once  every  seven  days.  At  this  time  the 
voltage  and  density  of  the  electrolyte  of  each  cell  is  taken  and 
made  of  permanent  record. 

Special  Instantaneous  Demand  Test. 
It  was  possible  during  the  test  to  make  an  exact  instantaneous 
record  of  the  current  f  uctuations  occurring  at  the  Anderson 
substation  on  March  IMth  by  the  following  method:  A  strip  of 
paper  was  fastened  or  a  tin  holder  placed  in  front  of  the  needle  of 
a  millivoltmeter  and  bent  to  conform  to  the  path  traced  by  the 
tip  of  the  millivoltmeter  needle.  The  tin  holder  was  then  lowered 
at  a  uniform  rate  in  front  of  the  voltmeter  needle  by  a  clock- 
work mechanism.  The  actual  record  was  made  on  the  paper  by  a 
continuous  induction  coil  spark  from  the  end  of  the  needle  to  the 
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tin  back  of  the  paper.  Deflections  of  the  millivoltmeter  were 
brought  about  by  placing  the  instrument  in  shunt  with  a  suffi- 
cient length  of  the  bus-bar  to  give  a  considerable  deflection.  With 
the  apparatus  it  was  possible  to  obtain  records  of  only  twenty 
minutes  duration;  and,  of  course,  curves  could  not  be  taken  at 
the  same  time  of  both  the  rotary  load  and  line  load,  as  was  the 
case  in  the  Ingalls  substation  test,  the  results  of  which  are  shown 
in  Figs.  2  and  3;  but  the  instantaneous  curves  were  taken  under 
similar  conditions  of  loading. 

The  upper  half  of  Fig.  24  shows  the  variation  in  the  demand 
made  upon  the  Alexandria  substation  by  the  interurban  cars ; 
this  record  extends  from  4.10  to  4.30  on  the  afternoon  of  March 
19th.  The  maximum  fluctuation  in  the  load  at  any  given  time 
occurred  just  after  4.21  p.  m.,  when  there  was  an  almost  instan- 
taneous demand  of  500  amps.,  the  load  going  from  200  to  700 
amps,  instantly,  as  nearly  as  it  is  possible  to  read  the  record. 

The  instrument  was  connected  to  the  rotary  bus- bar  from 
4.50  to  5.00  p.  M,  on  the  same  day.  There  is  no  reason 
to  believe  that  the  demand  upon  the  station  during  this  time  was 
very  different  from  the  demand  upon  the  station  during  the  time 
that  the  instrument  was  connected  to  register  the  line  fluctua- 
tions. Accordingly,  it  would  seem  that  on  the  afternoon  in  ques- 
tion the  substation  at  Alexandria  was  working  much  more  efH- 
cicntly  as  an  equalizer  than  was  the  battery  at  the  Ingalls  sub- 
station at  the  time  the  records  were  made  which  are  recorded 
in  Fig.  3.  Owing  to  an  unfortunate  accident  to  the  millivolt- 
meter  is  was  impossible  to  obtain  other  instantaneous  records  than 
those  presented,  and,  therefore,  no  estimate  can  be  made  of  the 
exact  efficiency  of  equalization  of  the  Alexandria  battery.  Pre- 
sumably, however,  it  is  higher  than  that  developed  at  the  Ingalls 
substation,  since  the  average  load  shown  in  the  curves  of  Fig.  24 
in  both  cases  runs  not  far  from  350  amps. ;  and  while  the  upper 
curve  is  extremely  irregular,  the  lower  curve  is  comparatively 
uniform. 

The  maximum  one-hour  discharge  rate  of  the  Alexandria  bat- 
tery is  320  amps.  The  curves  of  Fig.  4  show  that  the  demand  on 
the  batteries  and  rotaries  together  exceeded  this  discharge  rate 
about  once  in  every  thirty  seconds,  with  periods  of  very  light 
load  between.  How  much  of  these  peaks  the  battery  actually 
took  is  not  possible  to-  say,  presumably,  however,  its  maximum 
discharge  rate  for  one  hour  of  320  amps,  was  frequently  exceeded. 

The    authors    desire   to   acknowledge   their  indebtedness  to 
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A.  S.  Richey.  Electrical  Engineer  of  the  Union  Traction  Co., 
S.  HoUingsworth  and  G.  P.  Dinsmore  for  assistance  which 
made  the  carrying  out  of  these  tests  possible.  Mr.  Hollings- 
worth  and  Mr.  Dinsmore  were  in  immediate  charge  of  the  ob- 
servers who  took  all  readings  at  the  various  substations,  and  to 
their  painstaking  care  is  due  the  accuracy  of  the  work. 


TABLE  I. 

Substation  Rotaby  Output. 
K.W.H 


Station. 

April  17 

April  18. 

April  1 

1780 
1881 
4827 
1706 
3658 
2945 
2050 
8040 
1970   - 

Total. 

Lawfpn<^  . , 

1791 
1825 
4400 

le-o 

3406 
3235 
1440 
5330 
1860 

1780 
1742 
4340 
1690 
3210 
2560 
1508 
5865 
1825 

5351 

Irigalis 

54^18 

Anderson 

13567 

DaleviUe 

5066 

Muncie 

10274 

Alexandria 

8730 

Pairmount ............ 

4098 

Marion 

Elwood     

19235 
5655 

Total 

24957 

24510 

28857 

78324 

TABLE  II. 

EfFICIBNCY    of    HiOH-TvNSION    LiNBS,    TKAKSFORMBkS   AND    ROTARIES. 


Date. 


A.C.Output*,  D.C.Output*"   Efficiency. 
'      K.W.H.  K.W.H. 


Apri'  17 I         28.000 

April  IS I         27.270 

April  19 1         32.750 

1 

Total    88,020 


20.557 
20.170 
24.U3U 


73.3 
73.9 
73.3 


64.757 


73.5 


♦Thie  column  is  the  total  output  of  the  Anderson  Rcnerator* 
as  (sriven  by  the  recording  wattmeter  on  the  load  panel,  less  ihe 
Anderson  rotary  input,  obtained  by  dividing  the  Anderson 
rotarv  output  by  the  efficiency  of  the  rotaries— 88% . 

This  column  is  the  sum  of  all  the  readings  of  the  rotary 
wattmeters,  less  the  output  of  the  Anderson  rotaries,  as  the«5c 
were  fed  directly  from  the  bus  bars,  through  auto  transformers 
and  not  through  the  high-tension  lines. 
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TABLE  III. 
Rbsults  of  Bfficibnct  Tbst.  Rotakt  No.  10. 


12.Hoar  Tert.                             | 

j                           6-Hour  Test, 

Average  Load 
K.W. 

Percent. 
Load. 

^"""^j^ 

Percent. 
Load. 

Bffieency. 

84 
88 

08 
08 
73 
78 
Avorftffe 

33.6 
35.2 
30.3 
30.3 
20.2 
81.2 

88 

88 

88             1 

00 

85 

88 

87.8 

88 
01 
87 
88 
01 
103 
77 
85 
50 
Average  .... 

85.2 
36.5 
34.« 
35.2 
36.5 
41.2 
30.8 
34.0 
23.6 

88 
02 
88 
38 
80 
02 
83 

80 
74 

TABLB  IIL  (CoHtiHited.) 
1-Hour  Test. 


Average  Load 

Per  Cent. 
Load. 

Efficiency. 

60.0 
74.4 
74.4 

24.0 
29.8 
29.8 

81.0 
80.0 
82.0 

76.4 
78  0 
86.  • 

30.5 
31.2 
34.6 

79.0 
94.0 
95.0 

89.0 
91  2 
90  6 

35.6 
3«.0 
39.8 

89.0 
82.0 
92.0 

100  8 
102  0 
104.4 

40.5 
40.8 
41.7 

89.0 
97. 0 
87.0 

lO.'S.ft 
106  8 

42  1 
42.1 
42  9 

84.0 
90    ) 

118.8 
1.33.4 
135.4 

47 .  :> 

53  3 
54.0 

84  0 
94  0 
97  0 

AveraRe  dO  8 

38.7 

88  3 

TABLE  IV. 
E*r»rfBNCT  OF  High-Tbnsion  Lines,  Transpormbps  and  Rotartbs. 


Quantity. 


Stco-up  trans,  input 

Step-up  trans   emcicncv 

Hi<?h-tension  line  input    .  .  .  . 
HiRh-tension  line  etruiency., 

Step-down  trans,  input 

Step-down  trans,  efficiency 

Rotary  inntit 

Rotary  cHfiripncy 

Rjtarv  outp'it 

Total  ?>piriFNCY 


April  17. 

April  18. 

April  19. 

Total. 

2«.noo 

27.270 

32.750 

88.r20 

9o 

9.5 

95 

?>f 

20.000 

25.900 

31  070 

8;u-.7u 

93  0 

92.0 

92  7 

92  9 

24.700 

23.800 

2S.7.50 

77.4.50 

9n  0 

9.5 . 0 

9.5.0 

05  0 

2.3. .VK) 

22  000 

27.300 

73,560 

ss  0 

SS  0 

S8  0 

88.0 

20  0.'7 

19  770 

2-1  'V<0 

64.557 

73.3 

73.9 

7:\  3 

73.5 
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TABLE  V. 
ErriciiNCY  of  D.C.  Distribution. 

41fDBRSON-UUNCIB  DIVI8I0X. 

Input  to  Lim 


Apni  17 

April  18. 

April  19. 

Total. 

Aodenon  Inker.  Bast 

•       73.2 

1670.0 

67.0 

75.8 

268.5 

3.0 

1681.3 

80.4 

107.1 

268.8 

76.5 

1706.0 

77.5 

112.0 

355.0 

181.7 

Daleville  Rotarv 

5057  8 

Daleville  Bat.  Dis 

233.9 

Dakville  Bat.  Ch 

294:9 

Mtincie  Inter.  West 

892  3 

Total 

2002.9 

1935.4 

2102.0 

6092.3 

INPUT   TO    CABS. 


Regular  cars  . 
Special  can. . 


Total.. 
Efficiency  . 


1448.2     ;         1435.3 
56.9     I  103.6 


1505.1     I        1538.9 
78.2     I  79.5 


1465.0 
.    173.0 


1638.0 
77.9 


4348.5 
333.5 


4682.0 
77  7 


Lawrence  Rntary . . 
Lawrence  Bat  Dis 
Lawrence  Bat.  Ch  . 


Insalls  Rntarv  . . . 
Inga1L<«  Bat  Dis  .. 
Ingalls  Bat.  Ch  . . 

Anderson  Int  W 

Total 


Andbrson-Inpianapolis  division, 
input  to  linb 


April  17 


17S0  0 
122  0 
115  2 

18.30.0 
98  2 
15fi.0 

714  0 


427.3.  G 


April  18     I     April  13 


1784.88 
101.03 
131.79 


2001.0 

67.1 

147.0 


1703. "iO  lfi80  0 

180. 1.*-*  M7  0 

140.26  182.0 


7.35  00 


4233.2 


1030.0 


4796.0 


Total. 


5565.88 
290.73 
393.99 

£413  59 
425.35 
478.26 

2479.6 


13302.8 


INPUT    TO    CARS 


Retmlar  cars 
Special  cars . . 

Total..  .. 

Efficiency  . . . 


3096.8 
42  4 


3137  2 
73  5 


30ri0.6     I        3340.4     I 
79.1      I  2C  3 

3139.7     I        3366.7     ' 


74.1 


70.4     I 


9497  8 

147.8 


9648.6 
71.3 


TABLE  V!. 
Average  D.C    Line  Effkifn'cy 

DiNision 

1     April  17      1     April  18 

1                         ' 

April  19 

Total 

Anrlerson>Muncic 

.    .    .  .    i          78  2       1          79 . 5 

77.9 
70.9 

78  5 

Anderson-Indianapolis. . 

j          73.5        1           74.1 

72.5 
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TABLE  VI. — Continued. 
Average  D.  C    Likb  Efficibnct. 


Date. 


Total 

Input  to  Line. 

K.W.H. 


April  17  . 
April  18  . 
April  19  . 

T-tal 


6197.3 
6iri.'5.7 
6898.0 

19261.0 


Total 

Input  to  Can. 

K.WH 


Elriciency. 

Indianapolis. 

Muncie. 


4644  3 
^7<1.6 
6U04.7 

l4.-'27.6 


75  0% 
76.0 
73  0% 


74  5% 


TABLE  VII. 
Substation  Battbrt  Output. 


April  17 
K.W.H. 

April  18 
K.W.H. 

April  19 
K.W.H. 

Total 
K.W.H 

Three 
day  Effi 
deocy. 

. ..'        115.2 

131.8 
101.0 

140.3 

180.2 

423.7 
446.7 

107.1 
89.1 

2*12.0 
359.0 

147.0 
67.1 

182.0 
147.0 

503.2 
637.9 

112.0 
77.6 

367.0 
3G5.0 

394.0 
290.7 

482.3 
425.2 

1404.8 
1348.0 

319.4 
241.6 

942  0 
10.'^  0 

* 

T'»n  0 

74% 
88% 
96% 
76% 

Lavrrence  Discharge 

Ingalls  Cbarflfe 

123.0 
150.0 

IngalU  Divcharge 

98.0 

Anderson  Charge 

477.4 

Anderson  Dischiarge 

304.5 

Daleville  Charge 

100,3 

Daieviile  Discfiaige 

75.0 

Muncie  Charge 

2\>3.0 

112% 

Muncie  Discharge 

332.0 

Total  Pharffe 

95% 

Total  Discharge 

.z:\e2.o 

Averaflre.. 

89%                             1 

TABLE  VIII. 
Capacity  of  Substation  Battbrtbs 


Pattery  in 
station  at 

Sub 

Battery    Dis<harp€ 
;                         Amperes  lor 

Rate  in 

Battery  Capacitv  in  K.W.H. 
when  Discharged  in 

J    Hr. 

4  Hrs. 

8  Hrs.      i 

1  Hr. 

4  Hrs. 

8  Hrs. 

And-rson. 

Mtincie    .  . 

400 

ir>o     , 

1 

160 

128 
04 

100 
80 
40 

211 
16Q 
85 

337 

r7i 

135 

422 
33S 

Lawrence    

1C9 

Batteries  at  AleTatidria  and  Marion  have  sam**  capacitv  an  battery  at  Miincie 
Batteries  at  Ingalls,  Daleville,  Fairmount  and  F.'.wood  have  same  capac'ty  as  battery  at 
Lawrence. 
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TABLE  IX. 
Pbr  Cbnt.  of  Battbry  Capacitt  Dbvbloped. 


4  Hour 

Discharge 

Rating. 

Max.  Discharge 
K.W.H. 

in  4  Hrs 

Per  Cent,  of  4  Hour 
Discharge  Capacity 
Developed. 

K.W.H. 

135.0 
135.0 
337.0 
135.0 
271.0 

Total. 

33.0 
52.0 
111  0 
24.0 
85.0 

Dif. 

30.0 
50.0 
89.0 
18  0 
50.0 

Total. 

liif. 

Lawrence 

logalls   

24.4 
38  5 
32  9 

17.7 
31.3 

22.2 
37.0 

Andenoa 

Daleville 

26.4 
21.7 

Munc\e • 

A  paper  presented  at  the  2XMi  Annual  Convention  of 
the  American  Institute  of  Electrical  Engineer s, 
Niagara  Falls.  N.  V..  June  30.  1903. 


SOME  NOTES  ON  THE  OPERATION  OF  RAILWAY 
MOTORS  IN  SERVICE 


BY  CLARENCE  RENSHAW. 


Part  I. 
The  Equivalent  Effect  of  Service  Loads. 
A  combination  of  the  speed-time  and  input  curves  indicates  in 
general  the  performance  of  an  equipmient  of  railway  miotors 
with  reference  to  its  external  characteristics.  Judged  from  these 
curves  only,  a  given  equipment  may  be  perfectly  capable  of  per- 
forming a  desired  service  satisfactorily  and  yet  it  may  be  entirely 
unsuited  for  the  work,  so  that  further  information  is  necessary. 
The  three  factors  which  limiit  the  safe  loads  for  a  given-motor  are: 
First,  its  commutation;  secondly,  its  mechanical  strength;  and 
thirdly,  the  temperature  rise  of  the  windings.  The  capacity  in 
r^ard  to  the  first  and  second  items  is  usually  very  much  greater 
than  that  with  reference  to  the  third.  As  far  as  commutation 
and  mechanical  strength  are  concerned,  a  railway  motor  could, 
as  a  rule,  operate  continuously  with  loads  which  would  com- 
pletely destroy  the  windings  in  a  single  day  or  less.  It  is  usually 
the  temperature  rise  which  limits  the  capacity.  Owing  to  these 
facts,  railway  motors  are  particularly  subject  to  misuse.  Chosen 
with  reference  to  their  apparent  capacity  only  and  without  due 
regard  to  the  loads  which  they  may  carry  safely,  such  motors  are 
liable  to  be  applied  to  work  for  which  they  are  not  suited.  The 
general  tendency  in  such  cases  is  to  choose  equipments  that  are 
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too  small.  It  is  only  in  comparatively  recent  jears  that  the 
amount  of  power  ne^ftssary  for  operating  cars»  and  the  tremen- 
dous effect  on  it  of  changing  such  items  as  the  weight  of  car,  speed, 
and  number  of  stops,  have  beg\m  to  be  known  accurately.  The 
first  railway  motors  used  (based  in  capacity  on  the  number  of 
horses  required  for  a  horse-car)  were  none  too  large  for  the  duty 
required  of  them;  and  in  the  case  of  each  new  line  of  railway 
engineers  have  some  times  hesitated  to  advise,  and  owners  have 
usually  hesitated  to  buy,  motors  larger  than  those  in  use  on 
similar  existing  lines,  merely  becatise  their  cars  were  to  be  slightly 
heavier  and  the  speed  a  little  greater. 

When  new  motors  are  first  installed,  the  effect  of  overloads  will 
usually  not  be  apparent  at  once.  The  damage  done  by  abnormal 
temperatures  is,  as  a  rule,  not  instantaneous  but  gradual.  Owing 
to  the  inaccessibility  of  a  railway  motor  when  mounted  for  service, 
the  temperature  which  it  attains  is  not  likely  to  be  noticed  unless 
it  is  partioilarly  sought  for.  It  is  only  when  a  motor  has  been 
overloaded  sufficiently  long  to  roast  coils  or  make  other  repairs 
necessary  that  trouble  is  suspected.  Even  then  in  seeking  the 
cause  of  the  trouble,  overloading  pure  and  simple  is  the  last  thing 
to  be  thought  of;  the  fault  is  much  more  likely  to  be  attributed 
to  defective  material  or  construction.  Thus  it  will  be  seen  that 
the  temperature  problem  is  an  important  one.  A  due  considera- 
tion of  the  loads  which  they  may  safely  carry  is  thus  essential  to 
the  proper  selection  of  railway  motors  for  specific  service. 

The  necessity  for  a  simple  test  by  means  of  which  engineers  in 
charge  of  railway  systems  can  determine  the  loads  on  motors,  and 
whether  these  loads  are  within  the  capacity  of  the  motor  or  not, 
is  obvious. 

The  predetermination  of  the  exact  temperature  rise  of  the 
different  parts  of  a  railway  motor,  operating  at  given  loads  and 
under  any  given  service  conditions,  is  a  difficult  and  complex 
problem.  So  difficult  and  so  complex  indeed  is  this  problem,  that 
it  is  impracticable,  if  not  impossible,  for  manufacturers  of  railwa)'' 
motors  to  furnish,  for  general  circulation  and  in  a  form  which  can 
be  readily  understood  and  used  by  the  average  engineer,  the  data 
necessary  for  it^  solution  for  each  type  of  their  product.  For 
general  use,  however,  such  detail  is  unnecessary.  The  problem, 
from  the  standpoint  of  th^  user  is,  as  a  rule,  not  what  will  be 
the  temperature  of  the  field,  or  of  the  armature  of  such  a  motor 
under  certain  service  conditions,  but  rather  will  the  temperature 
of  the  motor  be  such  as  to  insure  normal  life   and  reasonable  re- 
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pairs.  In  other  words  are  the  loads  carried  by  the  motor  within 
its  capacity.  Information  leading  to  the  solution  of  this  prob- 
lem can  readily  be  furnished,  in  brief  form,  easily  understood, 
readily  used,  and  general v  applicable  either  to  the  predetermin- 
ation, or  to  the  final  confirmation,  of  the  fitness  of  a  motor  for  its 
work. 

Service  Loads. 

The  daily  operation  of  a  car  over  any  particular  line  or  route 
consists  of  short  runs  between  various  intermediate  points  along 
the  road.  These  runs  may  vary  considerably  in  character;  some 
may  be  up  grade,  others  down  grade;  some  may  be  short,  others 
may  be  long;  some  may  be  made  at  slow  speed  and  others  at  a 
higher  speed,  and  runs  between  the  same  two  consecutive  stopping 
points  may  on  different  trips  be  made  in  different  ways. 

For  any  given  type  of  car  on  a  given  road  the  average  all-day 
load,  day  in  and  day  out,  will  be  remarkably  uniform,  especially 
in  view  of  the  large  number  of  circumstances  which  might  cause 
variance.  In  any  given  case  an  average  run  between  stops; 
that  is,  an  average  cycle  of  operation,  can  usually  be  picked  out, 
which  will  in  general  fairly  approximate  the  entire  service. 

Such  an  average  run  for  a  car  of  the  type  ordinarily  used  in 
combined  city  and  suburban  service,  is  shown  in  Fig.  1  and  for  a 
car  in  high-speed  interurban  service,  in  Fig.  2.  In  city  service 
alone,  the  curves  would  be  similar  to  those  of  Fig.  1,  except  that 
power  would  be  cut  off  sooner  and  the  length  of  run  would  be 
shorter.  Each  of  these  figures  shows  a  complete  operating  cycle, 
including  the  speed,  line  voltage  and  current  consumption  of  the 
car,  as  well  as  the  current  used  by  each  motor  and  the  voltage  at 
its  terminals.  The  current  used  by  each  motor  is  not  merely 
one  half  of  that  used  by  the  car,  since,  when  the  motors  are  in 
series,  the  car  current  and  the  motor  current  are  identical.  Both 
ngures  are  actual  cases  taken  from  tests. 

It  will  be  seen  from  Fig.  1  that  the  load  carried  by  each  motor 
varies  from  a  maximtun  input  of  95  amperes  (or  about  four 
thirds  of  the  one  hour  rating  of  the  motor)  to  23  amperes  (or 
about  one  third  of  this  rating).  The  voltage  at  the  terminals  of 
each  motor  varies  from  80  volts  to  the  rated  voltage  of  500. 
Moreover,  the  load  varies  through  this  entire  range  in  less  than 
liiree  fourths  of  a  minute.  For  the  next  one  fourth  of  a  min^to. 
approximately,  while  the  car  is  coasting  and  being  stopped,  t!ie 
motors  carry  no  load  at  all  and  this  entire  cycle  is  repeated  a 
ti*  tie  less  often  than  once  every  mirute. 
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In  the  service  shown  by  Fig.  2,  the  conditions  are  more  uni- 
form. The  maximum  current  is  280  amperes  per  motor  and  the 
minimum,  77 J  amperes.  The  motor  voltage  varies  from  30  volts 
to  545  volts.  For  over  half  of  the  entire  cycle,  however,  the  cur- 
rent and  voltage  are  quite  uniform.  The  length  of  the  cycle  in 
this  case  is  six  minutes  and  twenty  seconds.  This  is  considerably 
longer  than  the  average  cycle  on  most  interurban  roads. 

Losses. 

When  a  motor  is  carrying  any  load,  certain  copper  and  iron 
losses  take  place  in  it,  which  depend  upon  the  load.  It  is  these 
losses,  which  appear  as  heat,  that  tend  to  raise  the  temperature 
of  the  windings.  Thus  a  loss  of  three  watts  (neglecting  radiation) 
will  raise  the  temperature  of  one  pound  of  copper  approximately 
1°  C.  per  minute,  or  of  one  pound  of  iron  approximately  .8°  C.  per 
rr^inute.  The  copper  loss  depends  upon  the  current  only,  and  is 
proportional  to  its  square,  but  the  iron  or  core  loss  depends  upon 
both  the  current  and  the  voltage  and  does  not  follow  any  simple 
law.  The  iron  loss  in  the  motors  in  question,  when  carrying  any 
given  current  at  any  given  voltage,  is  shown  in  Figs.  3  and  4. 
Its  dependence  on  both  current  and  voltage  may  be  seen  in  Fig. 
3,  from  the  fact  that  20  amperes  at  500  volts,  produces  the  same 
loss  as  105  amperes  at  305  volts. 

The  losses  which  take  place  in  each  motor  at  every  instant 
during  the  cycle  shown  in  Fig.  1,  were  calculated  from  Fig.  3  and 
from  the  resistance  of  the  motor  and  are  shown  in  Fig.  5.  Those 
which  occur  in  each  motor  in  Fig.  2  were  calculated  in  like  manner 
and  are  shown  in  Fig.  6.  Owing  to  the  great  mass  of  metal  in  its 
frame,  a  motor  has  a  considerable  amount  of  heat-storage 
capacity.  Instead  of  only  a  few  hundred  pounds  of  copper  in  the 
windings  to  be  acted  on,  the  temperature  of  the  frame  must  also 
be  raised ;  when  cooling  the  entire  mass  must  cool  off  simultane- 
ously. That  is,  when  the  temperature  of  the  windings  is  rising, 
that  of  the  frame  must  also  rise,  and  similarly  when  falling.  The 
actual  temperatures  of  the  different  parts  may,  of  course,  be 
widely  different.  Owing  to  this  action,  the  temperature  of 
the  windings  of  the  motor  does  not  fluctuate  in  accordance  with 
the  instantaneous  losses  but  rises  at  a  fairly  uniform  rate  depend- 
ing on  their  average  value. 

Equivalent  Loads 
The  important  factor  as  regards  the  effect  of  the  service  loads 
on  the  motors,  provided  that  the  maximum  loads  are  within  the 
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proper  limits,  is  thus  the  average  value  of  the  losses,  averaged  of 
course  over  the  entire  time  of  the  cycle ;  that  is,  in  Fig.  1  for  66  sec- 
onds and  in  Fig.  2  for  380  seconds.  It  is  evident  that  the  average 
copper  loss  in  any  case  is  equal  to  that  which  would  be  produced 
by  the  continuous  application  of  a  current  equal  in  value  to-the 
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root  mean  square  of  the  service  currents.  For  instance,  in  Fig.  5 
the  average  copper  loss  is  750  watts.  The  root  mean  square 
current  per  motor  is  34  amperes  and  the  resistance  .65  ohms, 
which  of  course  gives  the  same  result.     Thus  the  variable  servic^- 
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currents  shown  in  Fig.  1  are  equivalent — ^with  regard  to  the  heat- 
ing effect  of  the  copper  loss  produced  by  them — to  a  current  of 
34  amperes  per  motor,  applied  continuously. 

The  average  iron  loss  produced  by  the  service  loads  of  Fg.    1^ 
as  noted  in  Fig.  5,  is  400  watts.     Referring  to  Fig.  3  it  will  be 


Fig.  4. 


seen  that  a  current  of  31  an-i])eres,f.c\,the  root  mean  square  cur- 
rent, applied  to  each  motor  at  )]23  volts  will  produce  this  same 
iron  loss.  Tims,  if  this  current  and  voltaj^e  is  applied  to  the 
motor  for  tlie  entire  cycle,  the  average  losses  in  the  motors — 
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both  copper  loss  and  iron  loss — will  have  the  sa.me  value  and  the 
same  distribution  as  the  losses  due  to  the  service  loads.  This 
voltage  may  be  called  the  "  equivalent  "  voltage  of  the  service. 
In  the  service  shown  in  Fig.  2,  the  relative  values  of  the  losses  are 
somewhat  different,  In  this  case  the  average  copper  loss  is  only 
930  watts  while  the  average  iron  loss  is  1410  watts.  The  root 
mean  square  current  is  107  amperes,  and  referring  to  Fig.  4  it  will 
be  seen  that  the  equivalent  voltage  is  420.  As  regards  the  pro- 
duction of  heat  in  the  motors,  then,  the  service  shown  in  Fig.  1 
may  be  described  as  equivalent  to  a  continuous  current  of  31 
amperes  at  325  volts,  and  that  shown  in  Fig.  2  as  equivalent  to 
107  amperes  at  420  volts.  Any  railway  service  may  be  simi- 
larly described. 

This  method  of  equating  the  service  loads  on  a  railway  motor 
to  simple  and  intelligible  terms  was  devised  by  Mr.  N.  W.  Storer 
of  Pittsburg,  and  gives  a  convenient  way  of  expressing  the  service 
capacity  of  railway  motors  in  a  usable  manner. 

The  limiting  capacity  of  any  type  of  motor  may  be  readily 
expressed  by  the  manufacturer  in  terms  of  the  current  (root  mean 
square)  which  it  will  carry  continuously  at  various  voltages 
(equivalent  voltage)  with  a  safe  rise  in  temperature.  In  choos- 
ing a  motor  for  a  given  service,  the  root  mean  square  current  and 
:quivalent  voltage  can  be  calculated  from  the  speed-time  curves 
and  a  comparison  of  these  results  with  the  values  allowable  for 
the  motor  in  question  will  determine  its  fitness.  Where  motors 
are  already  installed,  the  continuous  equivalent  of  the  service  can 
be  found  by  means  of  comparatively  simple  tests  and  the  relation 
of  the  actual  loads  carried  by  the  motors  to  their  safe  capacity, 
thus  determined. 

It  has  doubtless  been  noted  that  the  equivalent  voltages  in  the 
widely  different  service  shown  by  Fig.  1  and  Fig.  2  differ  by  less 
than  100  volts.  If  the  run  in  Fig.  1  had  been  shorter,  the  equiva- 
lent voltage  would  have  been  somewhat  lower,  and  if  that  in  Fig.  2 
had  been  longer  (it  is  already  longer  than  the  average  for  perhaps 
nine  tenths  of  the  intcrubran  roads  now  in  operation)  the  equiva- 
lent voltagCiin  it  would  probably  have  been  somewhat  greater. 
It  has  been  found  that  where  the  equivalent  voltage  is  less  than 
300,  a  reduction  of  voltage,  with  the  same  current,  makes  but 
little  difference  in  the  temperature  attained.  Even  v  hen  the 
equivalent  voltage  is  cliangcd  from  300  to  400  volts  only  a  com- 
paratively slight  reduction  in  current  is  necessary  in  order  to 
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maintain  the  same  temperature  rise.     Thus  the  capacity  need  be 
stated  at  only  one  or  two  different  voltages. 

In  many  cases  where  tests  or  calculations  are  made  to  deter- 
imae  the  approxim.ate  service  loads  on  a  motor,  the  average 
voltage  at  the  motor  terminals  is  a  sufficient  indication  of  the 
iron  losses  and  the  equivalent  voltage  need  not  be  determined. 
In  Fig.  2,  for  instance,  the  average  voltage  at  the  motor  ter- 
minals is  418,  which  is  very  close  to  the  equivalent  voltage.  In 
Fig.  1  the  average  motor  voltage  is  290  volts,  which  is  about  90 
per  cent,  of  the  equivalent  voltage;  but  it  has  already  been 
pointed  out  thac  when  the  equivalent  voltage  is  as  low  as  this,  any 
further  reduction  has  but  little  effect  on  the  temperature. 

An  ammeter  in  the  circuit  of  one  motor  and  a  voltmeter  at  the 
terminals  of  the  same  motor,  read  at  suitable  intervals  during  a 
tjrpical  round  trip  over  a  given  route,  will  thus  give  sufficient  data 
for  determining  the  loads  which  a  motor  is  carrying  in  service. 
Prom  the  current  readings,  the  root  mean  square  current  can  be 
found  and  from  the  voltage  readings,  the  average,  or  the  equiva- 
lent voltage.  It  will  be  seen  from  Figs.  5  and  6  that  the  starting 
cuiTent  is  a  most  important  factor  in  determining  the  copper  loss, 
hence  it  is  essential  to  get  an  accurate  idea  of  this.  On  account 
of  the  rapid  variations  of  the  current  while  the  car  is  starting  and 
the  short  duration  of  the  starting  currents,  it  will  be  seen  from 
Pigs.  1  and  2  that  readings  should  be  taken  at  very  close  intervals, 
preferably  at  intervals  of  five  seconds,  or  less,  in  order  that  the 
large  currents  used  in  starting  may  be  duly  represented  in  the 
results 

Part  IL 

Tests  on  an  Electric  Car  in  City  Service. 

fhe  foregoing  part  of  this  paper  bas  been  devoted  to  a  discus- 
sion of  the  averago  loads  carried  by  railway  motors  in  service  and 
to  methods  of  determining  them,  with  a  vie\/  to  preventing  the 
application  of  such  mGt:-^rs  to  work  for  which  they  are  not  suitable. 
In  the  following,  the  resuks  of  a  comprehensive  series  of  tests  on  a 
::ar  in  exceptionally  severo  city  service  are  presented, 'showing  the 
act-ral  variation  of  the  loads  in  all-day  service.  In  these  tests 
the  temperature  of  the  field  coils  of  one  of  the  motors  wa& 
measured  in  addition  to  tlie  average  loads  ind  the  general  relation 
between  average  load  and  temperature  may  be  seen.  Complete 
details  in  regard  to  schedule  speed,  passengers  carried,  number 
and  duration  of  stops,  etc.,  were  taken  also  and  the  tests  afford 
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data  on  a  number  of  minor  subjects  which  have  a  bearing  on  the 
choice  of  motors  for  city  service. 

The  tests  in  which  these  results  were  obtained  were  made 
recently,  under  the  direction  of  the  writer,  on  a  car  of  the  Pitts- 
burg Railways  Company.  The  car  was  of  the  single-truck  type, 
approximately  30  feet  long  over  all.  The  body  was  20  feet  long 
and  had  longitudinal  seats  for  28  people.  The  equipment  con- 
sisted of  two  Westinghouse  No.  62  motors  with  electric  brakes  of 
the  disc  type.  The  weight  of  the  empty  car  complete  with  equip- 
ment but  without  load  was  approximately  12  tons.  The  motors 
were  geared  for  a  maximum  speed  on  the  level  of  approximately 
26  m.p.h  with  500  volts.  The  car  was  run  in  regular  service, 
carrying  passengers.  Three  observers  were  needed  to  take  the 
necessary  data.  Two  of  these  were  located  on  the  front  platform 
with  the  motorman  and  the  third  on  the  rear  platform  with  the 
conductor.  The  primary  object  of  the  tests  was  to  study  the 
temperature  attained  by  the  motors  in  all  day  service  (particu- 
larly the  temperature  of  the  field  coils).  A  complete  record  of  all 
conditions  was  kept  and  from  this  a  number  of  other  interesting 
facts  were  obtained  in  addition  to  the  temperature  results. 

Methods  of  Measurement. 

It  was  desired  to  measure  the  temperature  at  frequent  inter- 
vals, so  that  this  necessarily  had  to  be  done  without  interfering 
with  the  operation  of  the  car.  The  ordinary  methods  of  tem- 
perature measurement  by  thermometer  or  by  increase  of  resist- 
ance of  the  windings  of  the  motor  could  thus  not  be  used.  The 
following  plan  was  adopted.  A  small  temperature  coil  consisting 
of  48  feet  of  No.  27  annealed  iron  wire  was  calibrated  in  an  oil 
bath  and  an  accurate  comparison  between  its  resistance  and  the 
temperature  was  obtained.  This  iron  wire  was  then  wound  upon 
two  thin  wooden  strips,  and  during  the  process  of  winding  a  field 
coil  for  use  on  v.ne  of  the  motors  these  two  strips  were  placed  in 
the  interior  of  the  coil,  one  on  each  side,  about  half-way  between 
the  center  and  the  outside.  Leads  were  brought  out  from  this 
iron  wire  coil  and  measurements  of  its  resistance  which  could 
thus  be  taken,  gave  the  temperature  of  the  interior  of  the  field 
coil.  The  field  coil  which  had  been  piepared  in  this  way  was 
placed  on  one  of  the  motors  of  the  car  and  the  leads  from  the 
temperature  coil  brought  to  a  portable  Wheatstone  bridge  on  the 
front  platform.     By  the  use  of  this  arrangement  the  temperature 
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of  the  coils  could  be  obtained  at  any  time  whether  the  car  was 
running  or  standing  still  and  whether  the  motors  were  using  cur- 
rent or  not.  During  the  tests,  measurements  were  made  every 
four  or  five  minutes.  Before  the  field  coil  was  placed  on  the 
motor,  a  test  was  made  on  it  to  determine  the  relation 
between  the  temperature  as  indicated  by  it  and  the  resist- 
ance of  the  field.  To  obtain  the  temperature  of  the  arma- 
ture it  was  proposed  to  measure  its  resistance  during  the  short 
lay-over  at  the  end  of  each  round  trip  made  by  the  car.  The  lay- 
over was  so  short,  however,  that  this  could  be  done  only  hur- 
riedly, and  frequently  could  not  be  done  at  all.  In  general,  the 
results  were  not  very  satisfactory.  As  far  as  could  be  judged, 
however,  the  temperature  of  the  armature  was  not  materially 
different  from  that  of  the  field. 

In  connection  with  the  temperature  of  the  field  coil,  it  was  de- 
sired to  note  the  root  mean  square  current  producing  this  tem- 
perature. In  order  to  avoid  the  great  amoimt  of  labor  which 
would  have  been  necessary  to  calculate  this  quantity  from  the 
current  for  an  entire  day's  run  of  nineteen  or  twenty  hours,  it  was 
measured  directly,  as  follows : 

A  street-car  wattmeter  was  connected  in  the  field  circuit  of  the 
motor  so  that  it  would  measure  the  watthours  lost  in  the  field. 
In  adapting  the  wattmeter  for  this  purpose  the  large  resistance 
which  is  ordinarily  inserted  in  series  with  the  armature  of  the 
meter  when  it  is  used  on  a  500-volt  circuit  was  replaced  by  a 
smaller  resistance  suitable  for  the  voltage  drop  across  the  field, 
with  maximum  current.  The  wattmeter  was  of  course  cali- 
brated with  this  special  resistance.  When  arranged  in  this  way, 
the  wattmeter  measured  the  product  of  P  R  and  T,  where  /  is  the 
current,  R  the  resistance  of  the  field  coils  and  T  the  total  time. 
The  resistance  of  the  iron  wire  temperature  coil  at  any  time,  by 
reference  to  the  comparative  test  previously  made,  showed  the 
resistance  of  the  field  coil,  and  the  average  value  of  this  resistance 
between  any  two  times  could  thus  easily  be  found.  The  time 
was  noted  with  a  watch  and  hence  T  and  R  could  be  eliminated 
from  the  measurement  made  by  the  wattmeter,  leaving  P,  the 
square  root  of  which  was  the  quantity  desired.  In  working  up 
the  test,  the  root  mean  square  current  was  calculated  in  this  man- 
ner for  each  single  trip  between  terminals  and  also  for  each  round 
trip.  Previous  tests  over  this  same  road  had  showed  the  average 
motor  voltage  to  be  about  175  volts  and  in  the  present  tests  this 
quantity  was  not  measured.  The  average  line  voltage  had  been 
f  otmd  ^o  be  about  450  volts. 
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The  observer  on  the  rear  platform  noted  the  number,  duration 
and  location  of  stops  made  by  the  car,  the  time  of  passing  prom- 
inent points  along  the  route  and  also  the  entrance  or  exit  of  each 
passenger. 

Temperature  Results. 

The  results  of  the  temperature  tests  are  shown  by  the  curves  in 
Pigs.  7  and  8.  These  curves  show  also  the  root  mean  square  cur- 
rent, the  number  of  stops  and  the  maximum  and  average  number 
of  passengers  for  each  single  trip.  Five  different  runs  were  made 
with  the  car  equipped  as  above,  three  over  the  Hamilton  Avenue 
line  (42,000  feet  long,  one  way)  and  two  over  the  Highland 
Avenue  line  (36,000  feet  long,  one  way).  For  the  first  25,000 
feet,  these  two  lines  coincide.  On  the  Hamilton  Avenue  line  the 
car  was  run  singly.  On  the  Highland  Avenue  line  a  trailer  was 
hauled  for  one  trip  in  the  morning  and  one  trip  in  the  afternoon. 
Pig.  7  shows  the  results  of  one  of  the  tests  on  the  Hamilton 
Avenue  line  and  Fig.  8  of  one  on  the  Highland  Avenue  line. 
Referring  to  Fig.  7,  it  will  be  seen  that,  starting  at  a  temperature 
of  25i°  C,  or  13°  C.  above  the  temperature  of  the  air,  the  tem- 
perature of  the  inside  of  the  field  coil  rose  gradually  until  at  the 
end  of  eight  hours  it  had  reached  a  temperature  of  74°  C.  Dur- 
ing the  next  eight  hours  the  temperature  remained  practically 
constant  at  this  value  (maximum  rise,  64J°  C).  During  the 
following  three  hours,  which  were  late  in  the  evening,  the  air  tem- 
perature decreased  and  the  temperature  of  the  field  coil  decreased 
with  it,  reaching  a  temperature  of  70°  C.  at  the  end  of  the  last 
regular  trip.  Measurements  of  the  temperature  were  taken  also 
at  intervals  of  ten  minutes  while  the  car  was  standing  idle  during 
the  night  and  these  results  are  likewise  shown  in  Fig.  7.  The 
cooling  of  the  motor  was  interrupted  for  a  short  time  by  the 
application  of  current  in  order  to  move  the  car  from  the  yard 
into  the  car  bam,  and  a  hump  in  the  curve  shows  the  effect  of 
this.  It  will  be  seen  that  after  approximately  four  hours  of 
idleness,  at  the  end  of  which  time  the  car  was  made  ready  to  start 
out  on  the  next  day's  service,  the  temperature  had  fallen  from 
70°  C.  to  32  °C.,  the  latter  point  being  a  little  over  20°  above  the 
temperature  of  the  air.  Thus  ordinarily  a  motor  never  gets  com- 
pletely "  cold."  The  curves  shown  in  Fig.  7  were  taken  on  the 
first  day  of  a  two  days'  continuous  test.  On  the  second  day  the 
curves  obtained  were  practi«..c^ll3"  duplicates  of  those  shown. 

On  the  nm  on  Highland  Avenue,  Fig.  S,  the  temperature  of  the 
field  coil  at  starting  was  18°  C.  or  5°  above  the  atmosphere.     The 


294  RENSIIA  \V:  RAILWA  Y  MOTORS,  [June  30 

addition  of  the  trailer  for  its  morning  trip  caused  a  much  more 
rapid  rise  of  the  temperature  than  was  the  case  in  the  nm  shown 
in  Fig.  7  and  a  temperature  of  60°  C.  was  reached  at  the  end  of 
about  three  hours.  After  the  removal  of  the  trailer,  the  rise  in 
temperature  was  more  gradual.  Had  it  not  been  for  the  addition 
of  the  trailer  for  its  evening  trip,  the  temperature  of  the  field  coil 
in  this  case  would  have  remained  constant  at  approximately  75**C. 
giving  a  rise  approximately  the  same  as  in  the  other  case.  The 
addition  cf  the  trailer,  however,  caused  a  rapid  rise  to  a  tem- 
perature of  98i°  C.  When  the  trailer  was  again  removed  and 
the  motor  run  once  more  at  its  normal  rate,  the  temperature  fell 
off  gradually  to  74°  C. ;  that  is,  a  little  less  than  its  former  tem- 
perature. It  should  be  noted  that  the  trailer  was  on  for  this 
afternoon  trip  only  1^  hours,  while  about  3  hours  were  required 
after  its  removal  for  the  motors  to  cool  off  to  the  temperature  at 
which  they  were  before  the  addition  of  the  trailer,  and  at  which 
they  would  probably  have  remained  had  the  trailer  not  been 
added.  If  the  trailer  had  been  left  on  for  additional  trips,  it  is 
evident  that  the  temperature  would  have  reached  a  much  higher 
value.  As  the  car  was  not  put  in  service  for  an  early  run  on  the 
day  following  this  test,  the  cooling  curves  could  be  continued  for 
a  longer  time.  It  will  be  noted  that  the  field  coil  cooled  from  a 
temperature  of  71J°  C.  to  a  temperature  of  25°  C.  (which  latter 
point  was  a  little  over  12°  C.  above  the  atmosphere)  in  about  8 
hours. 

Load  on  Motors — Root  Mean  Square  Current. 
Referring  to  the  root  mean  square  current  values  shown  on 
Fig.  7,  it  will  be  seen  that  these  vary  for  a  single  trip,  alternating 
•in  direction,  from  39  to  51  amperes,  or  a  little  over  25  per  cent. 
It  will  be  seen  that  the  values  for  the  different  up-trips,  however, 
and  those  for  the  different  down-trips  are  much  closer  together  in 
each  case  than  this.  Comparing  the  root  mean  square  currents 
on  a  basis  of  round  trips  instead  of  single  trips,  the  variation  for 
the  different  round  trips  on  this  all  day  run  was  only  42.5  amperes 
to  46  amperes,  or  less  than  10  per  cent.  The  average  value  of  the 
root  mean  square  current  for  the  entire  day's  service  was  43.6 
amperes,  so  that  the  diffei-ence  between  this  average  and  the 
extremes  for  the  various  round  trips  was  very  slight.  The 
average  all  day  values  of  tlie  root  mean  square  current  for  five 
different  all-day  runs,  made  on  two  different  lines  and  made, 
respectively,  on  the  9th,  10th,  16th,  21st  and  24th  day  of  the 
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month,  var>'  from  39.8  amperes  to  46.6  amperes.  This  is  quite  a 
remarkable  uniformity. 

It  will  be  noted  from  Fig.  S  that  the  effect  of  the  two  round 
^•rips  with  the  trailer  changed  the  all  day  average  root  mean 
square  current  onlj^  from  43.6  to  45.8  amperes.  During  the 
trips  when  the  trailer  was  hauled,  however,  the  load  was  quite 
large  and  it  will  be  seen  that  the  difference  botii  in  the  maximum 
and  in  the  average  temperature,  caused  by  the  addition  of  the 
trailer,  was  considerable.  It  will  be  evident  from  this  that  in 
selecting  motors,  or  in  determining  the  loads  carried  by  them, 
any  special  service  involving  the  carrying  of  cAtra  loads  for  any 
length  of  time  should  be  considered  separately  whenever  ^e 
iength  of  time  has  anything  greater  than  a  momentary  value. 

The  two  lines  on  which  the  tests  were  made,  naturally  divide 
themselves  into  three  sections.  The  first  of  these  is  a  loop  in  the 
down-town  or  business  portion  of  the  city  about  a  mile  in  length 
where  the  car  is  nm  very  slowly  and  makes  frequent  stops.  On 
r.his  portion  of  the  road  there  is  great  congestion  due  to  the  large 
number  of  cars  and  the  movement  of  any  given  car  over  this 
portion  of  the  route  is  largely  a  succession  of  jerks.  The  second 
division  is  from  the  end  of  this  loop  (High  St.,  see  Fig.  9),  to 
Atwood  St.  This  portion  contains  several  long,  heavy  grades, 
the  most  important  of  which,  2^  per  cent,  for  3500  feet  and  4  per 
cent,  for  3000  feet,  are  in  the  same  direction.  Comparatively 
few  stops  are  made  on  this  section.  The  third  portion  of  the  road 
is  from  Atwood  St.  to  the  outer  terminus  of  the  line.  On  this 
part  of  each  line  the  grades  are  lighter  and  occur  alternately  up 
and  down  in  shorter  lengths.  There  are  also  few  obstructions 
and  a  high  speed  is  made.  The  time  required  on  the  first  two 
portions  of  the  road  is  about  the  same  as  that  required  on  the 
tiiird  portion.  In  order  to  c^stimate  the  relative  severity  of  the 
service  on  these  different  sections,  the  root  mean  square  current 
was  calculated  for  a  number  of  round  trips  over  each.  The 
average  for  these  trips  was  40.5  amperes  for  the  first  section,  41.8 
amperes  for  the  second  section  and  45.6  amperes  for  the  third 
section.  The  speeds  which  are  made  on  these  different  sections 
may  be  seen  from  the  paragraph  under  that  heading.  These 
results  are  particularly  interesting  as  showing  that  although  the 
average  root  mean  square  current  for  the  trips  up  the  heavy 
grades  was  50  amperes,  the  average  for  the  round  trips  over  this 
section  was  not  materially  different  from  that  on  the  remaining 
sections  and  was  even  less  than  that  on  the  third  section,  v/liere 
♦be  track  is  most  nearly  level. 
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Schedule  Speed. 
The  length  of  tne  route  over  the  Hamilton  Avenue  line  is  8J 
miles.  The  running  time  was  in  general  about  Po  minutes  for 
the  rotmd  trip,  making  a  schedule  speed  of  10.7  m.p.h.  On  the 
Highland  Avenue  line  the  distance  is  7  5  miles  and  the  running 
time  for  the  round  trip  was  76  minutes.     The  schedule  speed  on  ^ 

this  line  was  thus  11^  m.p.h.  In  the  down -town  section  of  the 
city  about  14  minutes  is  required  to  traverse  a  loop  5500  feet  in 
length.  The  schedule  speed  over  this  distance  is  thus  approxi- 
mately 4i  m.p.h.  Over  the  second  section  of  the  road,  between 
High  St.  and  Atwood  St.,  the  distance  is  11,000  feet  and  the 
schedule  speed  approximately  11  m.p.h.  Over  the  third  section, 
the  schedule  speed  on  the  Hamilton  Avenue  line  was  11.6  m.p.h., 
and  on  the  Highland  Avenue  line  12.35  m.p.h. 

Stops. 
Figs.  7  and  8  show  the  number  of  stops  for  each  trip  during 
those  nms.     The  average  number  of  passenger  stops  per  round 
trip  on  each  of  the  dilTercnt  routes  was  calculated  and  showed  a 
value  between  4  and  5  stops  per  mile.     It  is  estimated  that  the  ;t  I 

practical  stops  required  at  curves  and  crossings,  in  addition  to 
the  stops  for  passengers,  would  make  the  total  number  of  stops 
about  6  per  mile.  The  length  of  stops  varied  from  zero  seconds, 
that  is,  a  mere  slow-down,  up  to  about  15  seconds.  The  average 
duration  of  stop  for  the  run  shown  in  Fig.  7  was  4  seconds. 

Passengers. 
The  maximum  and  average  passenger  loads  for  each  trip  of  the 
respective  all-day  rtms  are  given  on  Figs.  7  and  8.  The  net  pas- 
senger load  was  calculated  each  time  a  passenger  entered  or  left 
the  car  and  these  net  loads  were  averaged.  The  average  loads 
given  in  Figs.  7  and  8  were  thus  figured  without  any  reference  to 
the  distance  which  the  passengers  were  carried.  For  the  run  in 
Fig.  7  the  net  passenger  load  on  each  trip  was  plotted,  with  the 
distance  as  a  basis,  and  the  average  loads  were  figured  also  from 
these  curves  with  reference  to  the  distance  travelled  as  well  as  to 
the  number  of  passengers.  The  results  found  in  this  way,  how- 
ever, differ  only  very  slightly  from  those  calculated  on  the  other 
basis.  Fig.  9  shows  these  passenger  loads  for  the  various  up 
trips.  The  curves  for  the  down  trips  are  in  general  similar  to  the 
reversal  of  these  curves.  It  will  be  noted  that  on  this  line  most  of 
the  passengers  have  to  be  carried  over  a  considerable  portion  of 


flO.  1> -^(Kea.ih»wO 


illiii!!IHns|;i!5P»«i!!iiiri|: 

Satap    *,••«•*•    iavO**    ««<    ■««■■«•■■•■>  «■* 
£#■«■    «l>i»aBn>*iB4i    apt     ■■    invdjapaiiiflpp 


1         .       H     ■!        "•    : 


%5NisK^:::- 


jHiimiiiigijgjuiiiiR^^^^^^^^^ 


*«iiii»i  •«>■■'■»         ••aa»pa       ■*«■■>«•       ■*< 

:£■:::    »»l-»  i;::-:     ::::::'    ■•: 

Winii^ildiiiyl 


•i<>03.]  RE\SHA]V:  RAILWAY  MOTORS.  297 

the  route.  The  car  loads  while  passing  over  a  very  short  dis- 
tance, carries  almost  the  entire  load  about  six  tenths  of  the 
length-  of  the  route  and  then  discharges  it  gradually.  It  will  be 
seen  from  Fig.  9  that  the  car  carried  457  people  during  the  day  on 
the  outbotmd  trips.  The  number  carried  on  the  inbound  trips 
was  499,  making  a  total  of  95G  in  18J  hours,  or  52J  per  hour. 
The  average  load,  as  calculated  from  Fig.  9  and  the  corresponding 
curve  for  the  other  direction,  was  24  passengers,  or  six  sevenths 
o^  the  seating  capacity  of  the  car. 

In  presenting  Part  I.  of  this  paper,  novelty  and  originality  is 
claimed  only  for  the  treatment  of  the  ideas,  not  for  the  ideas 
themselves.  By  using  as  illustrations  the  results  of  actual  tests 
rather  than  of  calculations  and  by  separating  the  matter  entirely 
from  any  discussion  as  to  how  the  allowable  loads  for  motors 
should  be  determined,  it  has  been  sought  to  bring  out  the  sim 
plicity,  accuracy,  and  general  utility  of  this  method  of  equating 
service  loads.  It  is  further  desired  to  emphasize  the  fact,  g^lready 
pointed  out,  that  it  is  the  common  tendency,  even  at  the  present 
time,  to  select  motors  which  are  too  small  and  that  a  simple 
method  of  determining  the  fundamental  questions: — what  the 
service  loads  on  a  railway  motor  are  in  an  actual  cast,  or  what 
they  will  be  in  a  proposed  case,  and  whether  these  loads  are 
within  the  capacity  of  a  given  motor  or  not — has  a  wide  field  of  use- 
fulness which  a,  inore  elaborate  method  would  be  unable  to  reach. 

Part  II.  has  been  included  not  only  for  the  sake  of  the  results 
shown,  which  in  themselves  are  interesting  and  instructive,  but 
also  to  illustrate  the  methods  employed.  Particular  attention  is 
called  to  the  method  of  measuring  the  watts  lost  in  the  field  of  a 
motor  by  means  of  a  rail  way -type  wattmeter  and  of  deducing  the 
value  of  the  root  meai:  square  current  from  this.  Under  ordinary 
circumstances,'  where  it  is  desired  to  use  this  method,  the  resist- 
ance of  the  field  coils  at  the  beginning  and  end  of  the  test  could  be 
measured  by  means  ol  me  current  and  voltage  drop,  or  in  any  other 
convenient  way.  The  method  is  a  simple  and  convenient  one 
and  used  with  care  will  give  results  not  materiallv  less  accuratv: 
than  measurements  of  po'ver  made  by  a  similar  instrumeni. 

The  writer  is  indebted  to  the  Westin<^ house  Electric  and  Manu- 
facturing Company  for  the  various  curves  and  results  upon  which 
the  paper  is  based. 
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Discussion. 

Dr.  Gary  T.  Hutchinson: — In  a  paper  presented  to  the 
Institute  January  24,  1902,  I  described  a  method  for  deter- 
mining the  motor  capacity  and  energy  used  for  any  schedule. 
Since  that  time  I  have  extended  the  scope  of  this  method  and 
have  made  it  to  include  the  predetermination  of  the  temperature 
rise  of  a  motor  when  operating  on  any  schedule,  knowing  the 
heating  constants  cf  the  meter  to  be  used. 

In  the  first  paper  the  datum  point  for  these  motor  curves  was 
the  load  determined  by  the  **  hour  rating.**  That  is,  the  load 
the  motor  will  carr\'  for  one  hour  with  a  temperature  rise  of  75°C. 
when  tested  on  the  stand;  these  limitations  made  the  results 
given  in  the  first  paper  seem  applicable  only  in  special  cases.  I 
have  now  broadened  the  treatment  so  that  the  datum  point  may 
be  considered  the  input  that  the  engineer  chooses  to  assume  for 
the  motor  when  operating  at  full  speed  with  resistance  out ;  that 
is,  the  maximum  power  input  for  the  run.  This  may  be  the  com- 
mutation limit  of  the  motor,  or  some  definite  proportion  of  it,  as 
75  per  cent.  This  generalization  is  justified  by  the  fact  that  the 
speed  curve  is  very  nearly  a  rectangular  hyperbola  and  conse- 
quently the  ordinates  are  in  inverse  proportion  to  the  abscissae. 

By  reason  of  this  independence  cf  the  shape  of  the  speed  curve 
of  the  relative  point  on  the  motor  characteristic  assumed  for  the 
datum,  any  value  may  be  assigned  to  the  power  that  a  particular 
motor  may  deliver  during  initial  acceleration;  that  is,  any  power 
up  to  the  commutation  limit ;  it  may  be  assumed  to  be  less  than 
equal  to  or  greater  than  the  power  denoted  by  the  hour  rating, 
but  whatever  value  is  adopted,  the  motor  capacity  as  limited  by 
ccmmutation  is  thereby  fixed,  since  the  results  are  expressed  in 
terms  cf  that  input  denoted  by  the  datum  point.  Therefore  it 
only  remains  to  determine  the  conditions  under  which  the  motor 
must  be  used  to  attain  the  limiting  temperature  elevation,  while 
at  the  same  time  not  going  over  the  limit  of  input  determined  by 
commutation  or  by  the  judgment  of  the  engineer.  I  believe  the 
hour  rating  for  the  input  during  this  period  is  not  unduly  con- 
servative; it  leaves  a  margin  for  greater  power  on  curves,  grades 
and  for  emergencies. 

In  my  first  paper,  I  assumed  that  a  tramway  motor  will,  on  an 
average,  csLTvy  sl  heat  less  of  3  per  cent,  of  its  hour  load,  with  a 
temperature  elevation  of  75°  Centigrade.  This  was  a  fair  average 
figure  and  claimed  to  be  no  more.  But  individual  motors  differ 
materially  in  their  heating  characteristics,  hence  I  have  elab- 
orated the  method  so  that  it  may  be  used  for  motors  having  any 
P  R  loss  and  any  core  less,  and  making  any  schedule  under  any 
initial  acceleration. 

I  have  considered  the  PR  losses  and  core  separately,  and  have 
determined  for  each  the  ratio  of  average  loss  to  loss  at  rated  load, 
for  the  several  initial  accelerations;  having  the  ratio  of  average 
loss  during  acceleration  to  loss  at  rated  load,  the  actual  average 
Icsses  fcr  any  motor  are  found  by  selecting  the  proper  value  of 
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the  ratio  and  multiplying  it  by  the  loss  at  rated  load — this  being 
done  separately  for  copper  and  core  losses;  the  results  added  will 
give  the  average  loss  during  acceleration. 

The  temperature  elevation  of  the  parts  of  a  motor,  as  deter- 
mined by  tests,  depends  materially  upon  the  ratio  of  the  dis- 
tribution of  the  total  heat  loss  between  the  armature  and  field, 
hence  this  ratio  of  distribution  must  be  determined  for  the 
several  initial  accelerations.  • 

Thus  I  get  the  average  loss  during  acceleration  and  its  distri- 
bution;  to  get  the  average  loss  during  the  run,  it  is  necessary  tc 
determine  the  ratio  of  time  of  acceleration  to  time  of  run  for  the 
various  initial  accelerations,  and  for  all  values  of  the  through 
acceleration. 

Knowing  then  the  average  loss  during  the  run  and  its  distribu- 
tion between  armature  and  field,  the  temperature  elevation  of  the 
motor  can  be  determined  by  comparing  this  average  loss  with  the 
temperature  rise  per  watt  lost,  as  determined  by  tests  made 
imder  service  conditions  giving  the  same  ratio  of  distribution  of 
losses. 

The  time  is  so  short  that  I  am  able  only  to  refer  to  these 
results  here ;  later,  I  hope  to  present  the  matter  in  detail  to  the 
Institute. 

GOLDSBOROUGH    PaPER    DiSCUSSION. 

Mr  H.  G.  Stott  : — In  regard  to  Professor  Goldsborough's  paper 
on  storage-battery  in  sub-stations,  I  have  been  looking  over  the 
load  carried  by  the  rotaries  and  find  that  the  maximum  in  any 
substation  is  68  per  cent,  overload  for  a  few  minutes.  As  a 
rotary  can  safely  carry  over  200  per  cent,  load  for  several  min- 
utes, it  is  apparent  that  storage  batteries  are  entirely  unnecessary 
as  far  as  substations  are  concerned.  I  think  it  would  be  very 
interesting  if  a  test  had  been  made;  first,  running  for  one  week 
without  the  batteries;  secondly,  running  the  next  week  with  the 
batteries,  determining  the  efficiency  at  the  power  house  during 
each  period.  I  would  like  to  ask  Professor  Goldsborough  if  such  a 
test  has  been  made.  If  the  engine  had  been  properly. designed 
for  the  work  they  would  certainly  show  better  economy  without 
the  battery  than  with  it. 

Professor  Goldsborough  : — We  attempted  tocut  thestorage- 
batteries  out  of  service  in  some  of  the  substations,  but  found  thai- 
doing  so  was  rather  disastrous  to  the  efficient  operation  of  the 
generating  equipments  at  the  main  station,  and  the  engineers  in 
charge  hardly  felt  like  subjecting  the  generating  equipments  to 
the  strain.  There  is  a  very  important  point  thougli,  in  connec- 
tion with  all  of  this  work,  which  I  hoped  to  be  able  to  develop  in 
connection  with  the  storage- battery  paper,  to  determine  the 
efficiency  of  the  whole  system,  with  the  best  possible  adjustment 
of  the  storage- batteries,  as  compared  with  its  efficiency  without 
this  adjustment 

Although  we  had  the  data  for  making  the  necessary  calcula- 
tions for  this  comparison,  we  were  unable  to  do  so  through  lack  of 
time. 
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Discussion  op  Goldsborough  and  Fansler  Paper. 
[Communicated  after  Adjournment  by  Mr.  A.  H.  Armstrong.] 

This  admirable  paper  started  out  with  a  statement  to  the  effect 
that  it  would  furnish  a  clew  to  prospective  purchasers  whether 
or  not  the  storage-battery  should  be  used  in  substations  and 
what  capacity  this  battery  should  bear  to  the  substation  installa- 
tion. This  question  has  bothered  a  good  many  of  us  from  time 
to  time,  and  I  was  very  much  disappointed,  on  proceeding 
further,  to  find  that  the  main  question  has  been  overlooked  and 
the  paper  was  devoted  to  a  series  of  detailed  tests  which  are 
interesting,  but  which  do  not  consider  the  economical  value  of  the 
battery  in  the  station.  If  the  tests  had  been  carried  out  some- 
what more  elaborately,  had  included  coal  consumption  in  the 
generating  station  with  and  without  the  storage-battery,  had 
entered  into  the  first  cost  of  the  storage- battery  and  the  rotary 
converter  which  it  replaced,  with  the  interest  on  the  increased 
cost  together  with  the  cost  of  maintaining  the  battery  in  opera- 
tion, it  would  have  furnished  some  guidance  for  the  consulting 
engineer  in  similar  installations. 

Many  of  our  suburban  roads  are  commencing  to  appreciate  the 
effect  which  frequent  stops  and  breakdowns  have  upon  their 
patronage.  Such  roads  are  using  protective  devices  of  all  kinds, 
installing  expensive  automatic  switches,  providing  duplicate 
pole  lines,  and  in  every  way  endeavoring  to  ensure  continuity  of 
service.  To  engineers  of  such  roads  the  storage-battery  appeals 
as  a  further  protective  device  against  breakdown.  Most  of  the 
troubles  in  suburban  roads  result  from  defective  insulators,  or 
other  shut-downs  to  which  their  long-distance  transmission  lines 
expose  them.  Some  of  these  railway  systems  are  tied  up  to 
transmission  lines  of  over  100  miles  in  length,  and  although  this 
transmission  line  is  divided  up  into  sections,  may  be  duplicated, 
or  may  form  part  of  a  ring  system,  it  is  evident  that  there  is  the 
danger  of  occasional  shut-down,  more  especially  when  the  system 
is  new.  The  office  of  the  storage-battery  in  the  substation  there- 
fore cannot  be  considered  alone  from  the  economic  standpoint  of 
saving  in  coal,  etc.,  but  from  the  operative  point  of  view  as  a 
safeguard  against  breakdown.  A  battery  installed  in  a  sub- 
station and  having  capacity  enough  to  run  the  normal  service  for 
say  three  or  four  hours  will  afford  an  assurance  of  constant  run- 
ning possessed  by  no  other  device.  Oftentimes  its  installation 
can  be  advocated  by  the  conservative  engineer  when  from  the 
dollars  and  cents  point  of  view  it  shows  up  on  the  wrong  side  of 
the  balance  sheet. 

I  would  regard  this  point  of  view  of  the  storage- battery  in  the 
substation  as  the  proper  one,  as  it  is  very  difficult  to  show  any 
economy  in  operating  expenses  by  the  use  of  the  storage- battery 
unless  coal  is  abnormally  high  and  storage-batteries  abnormally 
cheap. 
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Discussion  of  Renshaw  Paper. 
[Communicated  after  Adjournment  by  Mr.  A.H.Armstrong.] 

Mr.  Renshaw  has  given  us  the  analysis  ©f  a  series  of  service  runs 
on  railway  motors  which  is  a  step  in  the  right  direction.  There 
is  too  little  experimental  material  obtained  and  too  little  regard 
paid  to  the  proper  selection  of  this  type  of  apparatus,  which  has  a 
value  exceeding  that  of  the  generators  and  rotary  converters 
feeling  into  them.  As  this  paper  was,  however,  presented 
probably  for  the  information  of  consulting  engineers  and  not 
designing  engineers,  I  do  not  see  the  use  of  the  term  "  square  root 
of  the  mean  square  current  j^er  motor."  While  this  value  was 
very  carefully  and  probably  accurately  obtained,  it  was  put  to  no 
practical  use,  that  is  from  the  consulting  engineer's  standpoint. 
An  engineer  has  to  face  the  problem  of  selecting  a  motor  to  do  a 
certain  piece  of  work.  He  is  the  best  judge  of  the  conditions 
under  which  the  motor  will  operate  in  a  prospective  system  and 
needs  the  material  at  hand  by  means  of  which  he  can  select, 
according  to  his  best  judgment  of  temperature  rise  and  money 
expended,  the  proper  equipment  for  the  case  in  hand.  After 
reading  M  .  Renshaw 's  paper  he  will  become  imbued  with  the  idea 
that  the  proper  thing  to  do  is  to  obtain  the  square  root  of  the 
mean  square  current  of  an  equipment  operating  over  the  profile 
of  his  route  under  service  conditions.  Unfortunately,  however, 
there  is  no  direct  connection  between  this  square  root  of  the  mean 
square  current  and  the  heating  of  the  equipment  to  be  chosen. 
Having  obtained  the  square  root  of  the  mean  square  current,  it 
will,  it  is  true,  furnish  the  basis  of  calculating  the  copper  losres 
of  motor,  provided  its  resistances  are  known.  Were  the  motor 
constructed  so  that  it  would  operate  without  a  core  loss,  this 
value  would  be  very  valuable  and  probably  give  directly,  with  a 
factor,  the  heating  of  the  motor  for  any  class  of  work.  The  core 
loss,  however,  is  so  variable  m  quantity  and  distribution,  and 
withal  forms  such  a  considerable  part  of  the  total  motor  losses 
that  it  cannot  be  ignored  in  this  arbitrary  manner.  The  fact 
further  that  the  motor  may  be  run  upon  the  stand  at  the  square 
root  of  the  mean  square  current  and  that  a  voltage  giving  presum- 
ably the  proper  core  loss  will  also  fail  to  furnish  the  necessary  basis 
for  motor  calculations,  owing  to  the  difference  in  ventilation  upon 
the  stand  and  upon  the  trucks  and  also  due  to  the  fact  that  the 
core  loss  is  not  distributed  properly  at  the  arbitrary  stand 
voltage  chosen.  The  core  loss  also  does  not  correspond  with  the 
average  voltage  to  which  the  motor  is  subjected  when  running, 
this  loss  on  the  contrary  being  a  variable  depending  upon  the 
particular  motor  in  question  and  the  conditions 'upon  which  it  is 
operated  in  service. 

It  is  unfortunate  perhaps  that  there  is  no  short  method  yet 
proposed  by  which  a  railway  motor  can  be  rated  and  which  will 
express  its  relative  capacity  to  do  work.  The  only  accurate 
method  known  is  to  follow  through  the  various  losses  in  the 
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motor  for  a  given  piece  of  work,  determine  experimentally  the 
degrees  rise  per  watt  loss,  and  thus  obtam  the  temperature  rise. 
This  method  entails  an  enormous  amount  of  experimenting  and 
calculation,  but  the  results  justify  the  expenditure  of  labor  and 
time,  owing  to  the  fact  that  railway  motors  operate  at  nearly 
double  the  temperature  of  stationary  apparatus  and  hence  any 
considerable  inaccuracy  may  lead  to  much  more  serious  results 
in  the  selection  of  this  type  of  apparatus.  A  motor  rising  60  or 
70  dsgress  C.  above  the  air  will  reach  and  oftentimes  pass  the 
boiling  point  of  water,  and  an  error  of  10  or  20  per  cent,  may  lead 
to  disastrous  results.  It  is  just  here  that  the  square  root  of  the 
mean  square  current  fails  as  a  means  of  determining  the  proper 
size  of  motor  for  a  given  service.  While  it  does  serve  as  an  indica- 
tion of  the  motor's  temperature,  it  is  an  indication  only  and  leads 
to  no  practical  results. 


A  pafier  presented  at  the  20tk  Annual  ConvenUon  of 
the  American  InstituU  of  Electrical  Engineers^ 
Niagara  Falls,  N.  Y.,  June  30, 1903. 


REVERSE-CURRENT  CIRCUIT-BREAKERS  AND  THE 
PROTECTION  OF  TRANSMISSION  LINES. 


BY    LEONARD    WILSON. 

Engineers  who  have  had  the  experience  of  running  faulty 
apparatus  in  parallel  have  long  lecognized  the  inadequacy  of  a 
system  of  excess-current  protection;  but  the  necessity  for 
adopting  reverse-current  protective  devices  is  still  far  from  being 
universally  recognized.  The  advantages  of  reverse-current  pro- 
tection over  excess-current  protection  are  briefly;  That  the 
former  cuts  out  the  faulty  apparatus  and  does  so  at  the  moment 
when  only  a  small  current  is  flowing,  thus  causing  the  minimum 
disturbance  to  the  system,  while  the  latter  is  very  liable  to  cut  out 
all  the  healthy  units  instead  of  the  one  faulty  one  and  only 
operates  when  the  current  is  excessive.  It  will  be  seen,  therefore, 
that  wherever  current  is  being  fed  to  a  common  bus-bar  from 
more  than  one  source,  reverse-current  circuit-breakers  should 
be  installed. 

I'he  evolution  of  the  reverse-current  circuit- breaker  has  been  a 
long  process,  and  even  at  the  present  day  devices  are  installed 
which  do  not  possess  the  necessary  characteristics  for  reliable 
operation  and  consequently  bring  discredit  on  this  system  of 
protection.  The  following  are  the  more  important  of  the 
characteristics  referred  to. 

(1)  A  reverse  current  equal  to  25  per  cent,  of  the  normal  must 
be  sufficient  to  operate  the  breakers. 

(2)  The  magnetic  pull  must  continue  to  incre«oe  with  an 
increase  of  the  reverse  current,  so  that  any  sticking  of  the  me- 
chanical part  will  merely  cause  the  breaker  to  operate  at  a 
sightly  higher  current,  and  that  if  the  reverse  current   suddenly 

303 


304 


H7L50.V;  CIRCUIT-BREAKERS. 


[June  30 


attains  a  very  high  value  the  operation  of  the  breaker  will  be  the 
more  certain. 

(3)  A  failure  of  the  potential  coil,  from  whatever  cause  arising, 
must  not  operate  the  breaker. 

(4)  The    device    must    in    some    way    continuously   indicate 
whether  it  is  in  working  order  or  not. 

With  regard  to  the  first  point,  it  is  important  that  the  device 
should  not  be  too  delicate  in  its  action,  and  to  obtain  this,  the 
relay  is  in  some  cases  provided  with  a  time-element.  This,  how- 
ever, does  not  produce  very  satisfactory  results  as  it  allows  the 
current  (when  there  is  a  serious  fault)  to  rise  to  too  high  a  value 
The  best  practice  seems  to  be  to  have  quick-acting  relays  set  for  a 
moderate  return  current,  25  per  cent,  having  been  found  a  very 


suitable  value.  If  for  any  reason,  a  combined  reverse  and  excess- 
current  breaker  is  required  it  will  be  found  better  to  provide  two 
separate  tripping-coils,  as  a  combination  of  the  two  in  one 
necessitates  a  certain  compromise  in  the  characteiistics  of  the 
device.  A  convenient  method  of  illustrating  the  action  of 
devices  of  this  kind  is  that  of  plotting  characteristic  curves  show- 
ing the  relation  between  the  operating  force  and  the  current 
producing  \t. 

The  force  that  will  just  operate  the  device  is  shown  by  the 
boundary  of  a  shaded  area,  and  the  part  of  the  curve  lying  outside 
this  area  indicates  the  range  of  the  current  at  which  the  breaker 
remains  closed.  Fig.  1  shows  the  characteristic  curves  of  a 
circuit-breaker  which  operates  when  the  magnetic  pull  falls  below 
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a  fixed  value,  and  it  will  l>fe  seen  that  in  this  type  the  curve 
crosses  the  boundary  of  the  shaded  area  at  two  points,  a  and  b. 
In  gonsequence  of  this,  if  the  reverse  current  suddenly  attains  a 
value  higher  than  t.  the  device  will  fail  to  operate.  Also  it  will 
be  noted  that  an  interruption  of  the  shunt  current  will  operate 
the  breaker.  Fig.  2  shows  the  curve  of  a  circuit  breaker  which 
operates  when  the  magnetic  pull,  due  to  the  product  of  the  seires 
and  shunt  current,  exceeds  a  certain  value;  and  it  will  be  seen 
that  the  objectionable  features  of  No.  1  curve  are  absent  from 
this. 

It  is  unnecessary  to  describe  in  detail  any  particular  form  of 
reverse  current  circuit  breaker,  as  such  information  is  readily 
obtainable  tcom  the  bulletins  of  manufacturing  companies,  but  a 


short  description  of  a  device,  novel  in  this  country,  together  with 
a  demonstration  of  it  in  operation,  may  prove  of  interest. 

Some  operating  engineers  prefer  to  trust  to  the  switchboard 
attendant  in  case  of  trouble  rather  than  to  install  any  fcrm  of 
automatic  circuit-breaker,  but  in  such  cases  it  is  ver)'  necessary 
to  have  some  visual  signal  to  indicate  which  of  a  number  cf 
generators  is  the  faulty  one.  For  this  purpose,  some  form  of 
wattmeter  relay  arranged  to  cl<  se  a  local  lamp  circuit  may  be 
used;  but  a  simpler  and  more  reliable  device  is  the  one  illustrated 
in  Fig.  3.  This  device,  invented  by  Mr.  L.  Andrews,  of  England, 
c(>nsists  of  a  double  magnetic  circuit  magnetized  by  shunt  and 
series  windings  and  provided  with  two  secondary  windings  con- 
nected to  red  and  green  signal  lamps.     In  the  diagram  a  a  is  the 
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shunt  winding,  connected  across  the  station  bus-bars  and  b  is  the 
series  winding,  consisting  of  one  turn  of  the  main  cable  connecting 
the  generator  to  the  bus-bar.  With  only  the  shunt  winding 
excited,  the  secondary  coils  c  c  have  each  half  the  normal  lamp 
voltage  induced  in  them,  and  consequently  both  red  and  green 
lamps  glow  faintly.  When  the  generator  delivers  current  to  the 
bus-bar,  the  action  of  the  series  winding  is  to  neutralize  the  flux 
through  ane  secondary'  winding  and  increase  it  through  the  other, 
thus  extinguishing  the  red. lamp  and  lighting  up  the  green  one; 
conversely,  when  the  current  reverses,  the  green  lamp  goes  out 
and  the  red  one  lights  up.  This  device  appeals  to  operating 
engineers  by  its  simplicity  and  the  complete  absence  of  moving 
parts.     The  use  of  two  lamps   (preferably  each  in-  duplicate) 
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enables  the  switchboard  attendant  at  any  time  to  ascertain 
whether  the  devices  are  in  working  order,  for  whichever  direction 
the  current  is  flowing  in  and  however  small  the  current,  it  will 
prcduce  a  difference  in  glow,  between  the  red  and  green  lamps, 
which  indicates  that  the  device  is  operative. 

The  protection  of  the  transmission  lines  presents  many  prob- 
lems of  interest.  The  simple  case  where  the  feeders  starting 
fr  ,m  the  bus-bars  transmit  power  to  separate  receiving  points  is 
taken  care  of  by  excess-current  circuit-breakers;  but  where  the 
feeders  are  als)  connected  together  at  the  receiving  end,  some 
ether  system  of  protection  is  necessary.  An  efficient  system  of 
protection  for  multiple  transmission  lines  should,  while  normally 
allowing  all  the  lines  to  be  in  use  at  once,  be  capable  of  preventing 
anv  excessive  rush  of  current  in  case  of  a  fault  on  one  of  the  lines 
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and  should  include  devices  for  entirely  cutting  out  such  faulty 
line  without  serious  disturbance  of '  the  rest  of  the  system. 
Attempts  have  been  made  to  provide  such  protection  by  the  use 
of  excess-current  breakers  at  the  generating  end  and  reverse- 
current  breakers  at  the  receiving  end,  but  with  very  little  success, 
the  failures  being  due  to  one  or  both  of  the  following  defects  in 
the  system: 

(1)  That  it  does  not  prevent  the  sudden  rush  of  current  through 
the  healthy  mains  to  the  faulty  one. 

(2)  In  the  case  of  a  low-resistance  fault  the  pressure  falls  so 
low  at  the  receiving  end  that  the  reverse-current-breakers  (if 
they  depend  on  the  action  of  potential  coils)  fail  to  operate. 

The  system  devised  by  Mr.  L.  Andrews,  which  is  briefly  referred 
to  in  another  paper,  includes  a  choking-f:oil  which  absolutely 
prevents  any  excessive  rush  of  current  in  case  of  a  fault  on  one  of 
the  mains,  and  this  in  combination  with  automatic  cut-out  devices 
fulfils  the  necessary  conditions  for  complete  protection  without 
interruption  of  the  supply.  As  used  in  England,  thic  system  has 
only  been  applied  to  duplicate  mains,  and  for  this  a  single  choking- 
coil  is  used  connected  across  the  two  mains,  with  a  tap  from  the 
middle  of  the  winding  going  to  the  receiving  apparatus.  By  the 
use  of  more  chokers  tlie  system  can  be  adapted  for  any  number  of 
feeders  in  parallel.  By  the  use  of  choking-coils  connected  in  this 
manner,  the  principal  difficulties  usually  encountered  in  the  pro- 
tection of  multiple  transmission  lines  are  avoided;  sudden  cur- 
rent rushes  are  absolutely  prevented;  the  voltage  at  the  receiving 
end  is  maintained,  and  consequently  the  operation  of  the  auto- 
matic devices  can  be  relied  on. 

Fig.  4  represents  a  duplicate  transmission  line  protected  at  the 
generator  end  by  excess-current  circuit-breakers  and  at  the 
receiver  end  equipped  with  differential  choke-coils.  For  the 
sake  of  simplicity,  only  one  polarity  of  the  system  is  shown  thus 
equipped.  When  a  short-circuit  occurs  on,  say,  b  feeder,  there  is 
a  big  rush  of  current  from  the  generator  to  the  fault  through  b, 
and  this  operates  the  excess-current  circuit -breaker  at  the 
generator  end.  Without  the  choking-coil ,  there  would  also  be  a 
rush  of  current  to  the  fault  via  the  healthy  feeder  and  this 
would  very  probably  operate  the  remaining  circuit-breaker  and 
interrupt  the  supply.  The  choke-coil  entirely  prevents  this,  for  as 
soon  as  the  current  flow  in  the  two  halves  becomes  unbalanced, 
an  e.m.f.  is  induced  which  opposes  the  unbalancing,  and  the  only 
current  which  flows  to  the  fault  through  the  healthy  feeder  is  that 
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required  to  magnetize  the  choking-coil.  While  the  short-circuit 
is  maintained  and  before  the  faulty  feeder  is  cut  out,  the  receiver 
voltage  will  be  50  per  cent,  of  its  normal  value.  The  switch  b, 
being  thrown,  the  faulty  feeder  is  cut  out,  the  choking-coil  short- 
circuited  and  the  supply  is  continued  at  normal  voltage.  In  the 
apparatus  exhibited,  a  special  form  of  automatic  device  is  used 
for  operating  the  feeder  switches  and  this  device  is  illustrated 
diagrammatically  in  Fig.  5.  The  two  small  transformers  are 
each  magnetized  by  two  windings  connected  across  the  system 
s'^  that  the  induced  flux  of  one  of  them  depends  on  the  voltage  of 


the  particular  feeder  ana  ihe  other  on  the  mean  voltage  of  the 
two  feeders.  Referring  to  Fig  5,  the  coils  a  and  b  are  excited 
from  the  feeders  a  and  b  while  coils  c  c  are  connected  as  shown 
from  the  common  terminal  of  a  and  c  to  the  opposite  polarity  of 
the  system.  Normally,  the  two  windings  on  each  transformer 
magnetize  in  the  same  direction;  but  in  case  of  a  short-circuit  on 
one  of  the  feeders,  while  the  current  in  c  c  will  continue  in  the 
same  direction,  the  current  in  the  coil  connected  to  the  faulty 
feeder  will  reverse,  and  the  opposition  of  the  two  windings  will 
send  a  flux  through  the  middle  leg  on  which  is  wound  the  second- 
ary coil  connected  to  the  release-coil  of  the  feeder  switch. 
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As  the  essential  feature  of  the  Andrews  system  is  the  use  of 
the  special  choke-coils,  a  few  words  on  the  design  of  these  coils  is 
ntH^essary.  Under  normal  conditions  there  is  no  flux  in  the  iron 
cove  and  the  only  losses  are  those  due  to  the  ohmic  resistance  of 
the  coils.  When  a  fault  occurs,  the  ampere-turns  of  the  two  coils 
will  be  unbalanced  and  the  resultant  of  the  two  will  produce  a 
magnetic  flux  which  reacting  on  the  windings  will  tend  to  prevent 
the  unbalancing  of  the  currents.  For  complete  protection,  it 
will  be  seen  that  this  flux  must  be  sufficient  to  induce  the  ftdl 
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line  pressure  in  the  coils,  but  under  this  condition  there  is  no 
objection  to  the  iron  being  highly  saturated;  and  consequently 
by  careful  attention  to  the  design  a  very  compact  choke-coil  can 
be  produced. 

To  sum  up,  the  use  of  choke-coils  in  this  manner  will  introduce 
a  small  extra  copper  loss  into  the  system,  in  return  for  which  it 
will  confer  complete  freedom  from  trouble  due  to  short-circuits 
on  the  line  by  its  direct  action  of  choking  br  ck  the  short-circuit 
current. 
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Discussion  op  Wilson  Paper. 

Mr.  H  G.  Stott: — I  would  like  to  inquire  how  that  device 
can  be  applied  to  more  than  two  lines. 

Mr.  Wilson  : — The  accompanying  diagram  shows  the  method 
of  protecting  five  parallel  feeders.  For  simplicity  only  one  side 
of  the  system  is  shown  protected,  but  if  necessary  the  other  side 
can  be  similarly  protected,  in  which  case  the  size  of  each  choking 
coil  will  be  one-half.  In  the  case  of  a  dead  short-circuit  occurring 
on  one  of  the  five  feeders,  the  rush  of  current  from  the  four 
healthy  ones  will  be  prevented  by  the  choke-coils  and  without 
operating  any  switches  at  all  the  system  will  continue  to  operate 
with  the  receiver  voltage  reduced  by  one-fifth,  i.e.,  reduced  to 
80  per  cent,  of  its  normal  value.  If  the  short-circuit  persists, 
the  switch  on  the  faulty  feeder  can  be  thrown  and  the  system 
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will  operate  at  normal  voltage  with  one  feeder  taking  up  double 
the  load  of  each  of  the  others.  The  extra  drop  in  this  feeder  will 
be  automatically  compensated  for  by  the  choke-coils,  so  that 
there  will  be  no  appreciable  change  in  the  regulation  of  the 
system,  due  to  the  cutting  out  of  the  faulty  feeder.  If  the  fault 
is  a  high  resistance  one,  the  effect  on  the  recei^^er  voltage  will  be 
very  small.  With  such  a  system  perfect  protection  is  obtained 
without  operating  any  switches  at  the  receiver  end,  and  signal- 
lamps  connected  across  the  choke-coils  afford  the  necessary 
indication  for  localizing  the  fault. 

President  Scott: — The  point  Mr.  Stott  has  in  mind  is,  if  he 
has  a  3-phase  circuit  with  10  or  20  feeders,  sufficient  devices  of 
this  kind  might  fill  up  his  station. 
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Mr.  Wilson: — That  is  quite  so,  for  a  large  number  of  feeders. 
[Communicated  after  Adjournment  by  Mr.  Leonard  Wilson] 

In  discussing  the  adoption  of  automatic  protective  devices,  it 
must  be  remembered  that  the  true  function  of  such  devices  is  to 
assist  in  maintaining  continuity  of  supply,  and  from  this  stand- 
point they  readily  divide  themselves  into  three  classes : 

(1)  Devices  which  by  prompt  action  prevent  a  faulty  part  of 
the  system  from  interrupting  the  supply,  but  cannot  under  any 
circumstances  themselves  interrupt  the  continuity  of  supply. 

(2)  Devices  which  while  protecting  the  rest  of  the  system 
from  being  interrupted  by  a  local  fault,  in  so  doing  themselves 
interrupt  the  continuity  of  supply  at  that  point. 

(3)  Devices  for  the  protection  of  apparatus  but  not  directly 
instrumental  in  maintaining  continuity  of  supply. 

In  many  cases,  devices  of  the  two  latter  classes  should  be  hand- 
operated,  whereas  those  of  class  (1)  should  in  all  cases  be  auto- 
matic, as  the  objections  usually  made  against  automatic  devices 
do  not  hold  when  the  conditions  are  such  as  are  here  implied. 
The  ideal  condition,  therefore,  for  an  automatic  device,  is  where 
in  case  of  trouble  the  immediate  operation  of  the  device  is 
necessary  to  prevent  interruption  of  the  supply,  and  further,  in 
case  of  less  serious  trouble,  the  operation  of  the  device  cannot 
affect  the  continuity  of  supply.  These  conditions  are  fulfilled 
by  the  reverse-current  circuit -breaker  (when  placed  in  its  proper 
sphere),  and  particularly  by  the  feeder  protective  system 
previously  described. 


A  paper  prestnUd  at  the  20th  Annual  Convention  of  ^ 
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METHODS  OF  BRINGING  HIGH-TENSION  CONDUCTORS 
INTO  BUILDINGS. 


BY  C.   E.   SKINNER. 


One  of  the  points  in  the  design  of  high-tension  transmission 
lines  which  seems  not  to  have  received  general  attention  is  the 
method  of  supporting  and  insulating  the  conductors  which 
connect  the  transmission  circuit  with  the  apparatus  in  the  gen- 
erating stations  and  substations.  Each  engineer  follows  the  plan 
which  seems  to  him  best  for  his  particular  set  of  conditions.  In 
some  cases  the  line  is  brought  through  a  hole  in  the  wall ;  in  others 
through  an  elaborate  system  of  tubes  placed  in  the  wall ;  in  others, 
through  a  piece  of  insulating  material  of  some  kind  set  in  the  wall ; 
in  others,  the  line  is  entered  through  an  elaborate  tower  built 
for  the  purpose  on  the  top  of  the  building;  in  still  others,  it  is 
taken  directly  through  the  roof  of  the  building. 

It  is  manifestly  impossible  to  prescribe  any  fixed  method  for 
all  voltages  and  all  locations,  as  the  requirements  of  each  plant 
are  varied  by  the  local  conditions,  but  much  would  be  gained  if 
the  general  requirements  were  outlined  in  such  a  way  that 
designers  of  buildings  and  designers  of  plants  could  follow  some 
general  and  accepted  scheme  which  is  known  to  be  satisfactory 
for  any  given  set  of  conditions.  It  is  the  purpose  of  this  paper  to 
discuss  the  general  requirements  rather  than  to  give  specific 
designs,  although  specific  methods  must  necessarily  be  referred 
to  in  this  discussion. 

The  method  to  be  followed  will  depend  on  the  following  con- 
ditions: 

(1)  The  voltage  of  the  transmission  circuit. 

(2)  The  climate  in  which  the  plant  is  operated. 

(3)  The  size  of  the  high-tension  conductor. 
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(4)  The  kind  and  height  of  building  used. 
X     (5)  The  conditions  of  approach  to  the  building  and  the  location 
of  the  apparatus  in  the  building  to  which  the  high-tension  line  is 
connected. 

The  requirements  which  must  be  met  are: 

(a)  The  Maintenance  of  Proper  Insulation  of  the  Circuit. — To 
maintain  proper  insulation,  it  is  necessary  either  to  allow  suffi- 
cient open  space  about  the  wire  to  prevent  any  possibility  of  the 
current  striking  across  to  the  walls  or  surrounding  material;  or 
some  insulating  medium,  such  as  a  tube,  must  be  applied  to  the 
wire  to  give  the  proper  insulation. 

(b)  The  Prrccntion  of  the  Entrance  of  Rain,  Sno'v,  Cold  Air  and 
Dust. — The  entrance  of  moisture,  snow,  and  dust,  should  be 
prevented  both  on  account  of  damage  to  the  contents  of  the 
building,  and  on  account  of  the  weakening  of  the  insulation  at 
the  point  of  entrance.  In  most  climates  it  is  necessary  that  all 
openings  be  closed  for  at  least  a  portion  of  the  year. 

(r)'  The  Proper  Mechanical  Fastening  of  the  Line  Wire. — The 
end-strain  of  the  line  must  be  taken  up,  and  it  is  often  con- 
venient to  combine  the  plans  for  taking  up  this  strain  with  those 
for  entering  the  building.  This  is  particularly  true  where  the 
transmission  conductors  are  very  large.  It  is  also  necessary  to 
hold  the  wire  in  a  fixed  position  where  it  passes  through  the 
opening  into  the  building.  This  requires  a  more  rigid  line  con- 
struction than  is  necessary  away  from  the  building. 

{d)  Reliability  and  Simplicity  of  Construction. — It  is  self- 
evident  that  the  construction  must  be  such  that  it  will  be 
reliable  under  all  circumstances.  There  are  usually  a  sufficient 
number  of  troubles  on  high-tension  transmission  lines  due  to 
circumstances  beyond  the  control  of  the  engineer,  without  intro- 
ducing any  extra  risk  at  the  point  where  the  wire  enters  the 
building.  Usually,  as  in  most  other  work,  the  simplest  form  of 
construction  will  be  found  the  most  reliable. 

In  general,  wires  are  best  brought  through  the  walls  of  the 
building.  The  simplest  form  of  construction  consists  merely  of 
an  opening  in  the  wall  sufficiently  large  to  allow  the  proper  air 
insulation  between  the  wire  and  the  wall,  this  opening  being 
suitably  protected  from  rain  either  by  means  of  a  large  pipe  set 
in  the  wall,  sloping  outward,  or  by  a  sufficint  extension  of  the 
roof  above,  or  both.  The  requirements  of  this  form  of  construc- 
tion are  that  the  wire  be  a  sufficient  distance  from  the  pipe,  so 
that  there  will  be  no  possibility  of  striking  across  under  any 
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conditions.  The  pipe  should  always  be  considered  as  '*  ground/' 
regardless  of  the  construction  of  the  building.  The  cross-arms 
holding  the  wire  inside  and  outside  of  the  building  should  be 
sufficiently  near  and  so  braced  that  the  wire  will  remain  central 
in  the  pipe.  This  construction  can  be  used  to  advantage  only 
in  dry,  warm  climates. 


Fig.  1. 


In  most  climates  provision  must  be  made  for  keeping  out  rain, 
snow,  etc.  With  potentials  of  15,000  volts  or  lower  a  disc  of  glass 
or  other  fireproof  insulating  material  placed  over  the  wire  at  the 
inner  end  of  the  pipe  will  usually  accomplish  this  purpose.  In 
this  case  the  tube  must  be  sufficiently  large  so  that  the  surface  in- 
sulation over  the  insulating  disc  used  will  be  ample  to  prevent 
trouble  under  the  worst  conditions  which  may  occur.  When 
there  is  any  danger  of  condensation  of  moisture  due  to  differences 
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of  temperature  inside  and  outside  of  the  building,  two  discs  a 
little  distance  apart  should  be  used.  These  discs  may  be  cut  so 
as  to  be  placed  in  the  pipe  itself,  or  they  may  be  cushioned  and 
simply  swung  on  the  wire,  lying  against  the  ends  of  the  pipe.  The 
surface  insulation  of  the  discs  used  should  never  be  less  than  that 
of  the  line  insulators,  and  as  they  will  usually  be  less  advantage- 
ously placed  than  the  insulators,  extra  distance  should  be  al- 
lowed, if  possible. 

With  potentials  above  15,000  volts,  this  form  of  construction 
becomes  unsuitable  on  account  of  the  large  size  of  opening 
required  to  give  the  necessary  insulation  distance  over  the  discs. 
This  may  be  true  even  with  potentials  below  15,000  volts  under 
very  adverse  conditions.  For  the  higher  voltages,  a  long  insulat- 
ing  tube  of  small  diameter  and  very  heavy  wall  may  be  placed 
over  the  wire  and  passed  through  a  slab  of  insulation  set  in  the 
wall  of  the  building,  the  whole  being  protected  from  driving  rain 
by  an  extension  of  the  roof.  The  insulating  tube  should  slope 
outward  in  all  cases.  Some  form  of  drip  point  should  be  pro- 
vided on  the  wire  just  outside  the  end  of  the  tube.  The  insula- 
tion slab  holding  the  tube  should  be  large  enough  to  prevent 
actual  breakdown  even  though  the  tube  is  broken.  Both  tube 
and  slab  should  be  of  fireproof  material.  This  form  of  con- 
struction has  been  successfully  used  for  potentials  as  high  as 
50,000  to  60,000  volts.  The  chief  difficulty  is  in  securing  the 
proper  insulating  tubes.  Glass  and  porcelain  are  electrically 
the  best  materials  for  the  purpose,  but  when  these  are  used  it 
is  usually  necessary,  on  account  of  their  lack  of  mechanical 
strength,  to  take  up  the  end  strain  outside  of  the  building  by 
a  suitably  guyed  pole. 

The  tower-construction  may  be  necessary  where  the  building 
is  low,  and  the  line  wires  must  be  carried  at  a  considerable  ele- 
vation in  the  immediate  neighborhood  of  the  building.  It  is 
generally  very  cumbersome  and  unsightly,  and  the  bringing  of 
the  wires  through  the  side  of  the  tower  presents  the  same  problem 
as  bringing  them  through  the  side  of  the  building. 

The  bringing  of  the  wires  directly  through  the  roof  of  the 
building,  while  possible,  requires  that  extra  precautions  be 
taken  to  secure  sufficient  insulation  "and  to  keep  out  all  moisture. 
This  method,  however  well  carried  out,  will  probably  constitute 
a  danger  point  in  the  system. 

In  general  no  combustible  material  should  be  used  near  the 
line  wire,  even  when  separated  from  it  by  insulating  material 
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sufficient  to  withstand  the  strain.  Leakage  or  brush  discharge 
is  liable  to  cause  burning  sooner  or  later,  and  such  burning  is 
more  serious  at  the  building  than  the  burning  of  a  pin  or  cross- 
arm  on  the  line. 

The  accompanying  illustrations,  Figs.  1  and  2,  are  intended  to 
show  diagrammatically  the  two  general  plans  recommended  in  this 
paper.     Both  plans,  practically  as  shown,  are  in  successful  use 


Fig.  2. 

by  important  transmission  plants.  It  is  expected  that  each 
engineer  will  find  it  necessary  to  make  changes  in  details  to  suit 
his  particular  case,  but  it  is  believed  that  the  plans  proposed 
may  be  made  effective  for  any  transmission  circuit. 

The  method  of  bringing  high-tension  wires  into  buildings 
should  be  carefully  considered  at  the  time  the  building  is  designed 
and  proper  provision  made.     It  often  happens  that  this  point 
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is  given  no  consideration  whatever,  and  the  result  is  an  unsightly 
and  unsuitable  arrangement  made  after  the  completion  of  the 
building  and  at  an  increased  expense. 

It  is  hoped  that  those  having  practical  experience  with  the 
design  and  construction  of  this  particular  feature  of  the  trans- 
mission line  will  take  an  active  part  in  the  discussion  of  this 
paper,  and  that  by  this  means  the  Institute  may  be  able  to 
furnish  general  recommendatiohs  covering  this  subject. 
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Discussion  of  Mr.  Skinner's  Paper. 

Mr.  Skinner: — I  have  here  several  communications  which  I 
will  read. 

Mr.  Henry  Floy: — Because  of  its  simplicity  and  reliability, 
the  writer  believes  there  is  nothing  quite  equal  to  a  plain  but 
generous  hole  in  the  wall  through  which  the  wire  rigidly  sup- 
ported, may  pass.  This  form  of  construction  modified  as  here- 
after shown,  is  applicable  to  any  voltage,  and  almost  any  climate. 

I  consider  that  the  use  of  glass  plates,  as  suggested  by  Mr. 
Skinner  in  Fig.  I.,  or  conductors  insulated  for  a  portion  of  their 
length  as  in  Plan  II.,  are  more  or  less  objectionable  because  of 
the  constant  menace  of  leakage  and  grounding  of  the  system, 
through  the  wall  of  the  building.     The  accumulation  of  dust  or 


moisture  on  the  glass  plates,  or  the  deterioration  of  rubber  or 
paper  insulation  due  to  exposure  and  weather  will  sooner  or  later 
end  in  a  shut-down;  glass  tubes  and  plates  are  always  breaking 
and  never  make  a  really  good  mechanical  job. 

If  the  station  is  provided  with  an  overhead  traveling  crane,  it 
will  usually  be  found  more  convenient  to  bring  the  wires  into  the 
building  through  one  of  the  walls  rather  than  into  a  tower. 

Having  tried  several  different  methods,  none  of  which  were 
wholly  satisfactory,  the  writer  devised  the  scheme  shown  in  the 
accompanying  sketch,  which  explains  itself.  This  form  of  con- 
struction has  been  successfully  used  in  a  concrete-steel  building, 
where  the  roof  beams  of  concrete  were  carried  beyond  the  walls 
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of  the  building  and  made  to  support  a  gallery,  which  serves  as  a 
lightning-arrester  house;  thus,  the  satisfactory  introduction  of 
the  wires  into  the  building  and  a  proper  fireproof  room  entirely 
separated  from  the  station  for  the  location  of  the  lightning 
arresters,  is  provided.  The  iron  brackets  on  which  the  wires  are 
first  supported,  may  be  set  either  in  the  floor  of  the  gaWery  or  in 
the  wall  of  the  station.  In  either  case  all  water  drips  from  the 
wires  before  the  latter  turn  vertically  to  pass  through  the  floor 
of  the  gallery.  At  the  same  time  any  small  amount  of  rain,  snow 
or  dust  which  may  blow  up  into  the  gallery  will  not  continue  on 
through  the  second  hole  into  the  station.  Moreover,  the  two 
apertures,  one  leading  into  the  gallery  and  the  other  from  there 
into  the  station,  being  at  right  angles  to  each  other,  prevent  any 
large  amount  of  cold  air  entering  the  station.  One  building  pro- 
vided with  this  form  of  admittance  was  not  particularly  uncom- 
fortable though  the  outside  temperature  was  as  low  as  27°  Fah- 
renheit below  zero.  The  maintenance  of  proper  insulation  is 
always  insured;  proper  mechanical  fastening  of  the  line  wires 
secured,  and  the  reliability  and  simplicity  is  all  that  could  be 
desired. 

Mr.  Skinner: — It  should  be  noted  that  Mr.  Floy's  plan  does 
not  contemplate  in  any  way  taking  up  the  end  strains  of  the  line 
wires.     This  must  be  done  away  from  this  point. 

The  other  communication  I  have  is  from  Mr.  O.  H.  Ensign, 
Chief  Electrical  and  Mechanical  Engineer  of  the  Edison  Com- 
pany of  Los  Angeles,  California. 

Mr.  O.  H.  Ensign:— We  use,  for  30,000  volts,  plain  12-inch 
sewer-pipe  wide  open.  Our  temperature  never  goes  to  zero.  It 
is  cold  only  for  short  periods.  I  do  not  believe  that  unless  con- 
siderable protection  is  given  in  the  way  of  extension  of  the  build- 
ing, any  sort  of  glass  plate  or  marble  supporting  special  insu- 
lators would  be  satisfactory,  exposed  to  the  weather. 

Mr.  Skinner: — Here  is  another  discussion  by  A.  L.  Mudge, 

Mr.  Mudge: — Would  suggest  that  the  terra  cotta  should  be 
closed  at  outer  end  to  prevent  birds  and  insects  getting  into, 
or  building  nests  in,  the  pipe.  I  find  that  a  good  ice  and  snow 
break  on  a  sloping  roof  is  V-shaped,  and  is  much  stronger  than 
a  single  horizontal  strip  and  also  tends  to  let  the  roof  free  itself 
of  snow.  These  strips  can  either  be  made  of  wood  or  of  two 
lengths  of  angle  iron  bolted  to  the  rouf. 

President  Scott:— Another  from  Mr.  F.  C.  Pierce. 

Mr.  Pierce: — Referring  to  the  article:  Page  314,  Art.  (5),  (C), 
I  do  not  believe  in  allowing  the  wall  of  the  building  to  take  the 
strain  of  the  line,  the  last  poles  of  the  line  should  be  braced  or 
guyed ,  the  number  of  poles  guyed  being  determined  by  the  num- 
l)er  and  weight  of  the  line  wires.  In  all  cases  I  have  seen,  the 
wall,  even  if  very  heavy,  will  eventually  come  loose  or  bulge. 

Where  the  strain  is  taken  on  the  line-  a  X-arm  just  outside  and 
one  just  inside  the  wall,  fastened  rigidly  to  the  wall,  will  hold  the 
wires  in  the  centre  of  the  slab  of  insulating  material  and  exert  no 
strain  thereon. 
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I  enclose  rough  sketch  of  our  method  of  entering  wires  in  the 
power  house. 


We  found  it  necessary  in  cases  where  we  enter  under  the  eaves 
as  in  the  sketch  on  p.  317,  Fig.  2,  to  put  a  false  dormer  above 
the  entrance,  as  otherwise  the  ice  and  snow  slides  down,  catches 
on  the  wires  and  accumulates  between  the  wires  and  eaves  until 
the  wires  are  either  broken  or  pulled  out  of  place. 

The  substation  wires  enter  the  gable  ends.  The  slab  of  insu- 
lating material  is  12^  x  12''  plate  glass  with  2f  hole  through  center. 
Since  putting  the  dormer  on  power  house  we  have  had  no  trouble 
whatever  from  our  entrance  wires. 


[Discussion  Contributed  by  J.  Harisberger.] 

My  experience  has  been  with  the  construction  as  shown  in 
sketches  1  and  2,  pages  315  and  317.  The  Snoqualmie  Power 
Company  adopted  at  the  very  beginning  the  arrangement  shown 
in  Fig.  2,  and  with  all  of  its  high-tension  troubles,  it  has  yet  to 
experience  its  first  trouble  with  this  style  of  construction  for 
entering  buildings.  In  some  of  the  buildings  the  wires  enter  with 
the  construction  shown  in  Fig.  1  and  in  every  instance  when  the 
high-tension  lines  became  grounded  for  one  reason  or  another, 
there  was  a  discharge  across  the  glass  plate  to  the  terra  cotta 
pipe  and  which  is  evidence,  in  my  opinion,  that  with  a  voltage 
as  high  as  30,000  it  is  not  the  best,  unless  a  terra  cotta  pipe  of  an 
unpractical  diameter  is  used. 
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[Communicated  by  M.  H.  Gerry,  Jr.] 

Mr.  Skinner  has  stated  the  essential  requirements  for  entering 
high-tension  wires.  There  are  a  number  of  excellent  methods  in 
common  use,  all  of  which  give  good  results  when  properly  ap- 


iJLl 


FlQ.1 


plied.  Fig.  No.  1  is  an  excellent  construction  in  use  in  several 
plants  operating  at  40,000  volts.  This  arrangement  consists  of  a 
double,  or  triple,  window  sash  set  in  an  ordinary  frame,  the  glass 
having  openings  in  the  centre  in  which  are  placed  insulating 
bushings,  or  tubes.  A  water  shed  to  keep  the  rain  from  the  glass 
is  sometimes  added. 


Fig.  No.  2  is  a  method  frequently  advocated,  and  in  use  for 
moderate  pressures  to  a  certain  extent.  It  can  be  made  to  give 
j^ood  results,  but  involves  special  building  construction. 
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Fig.  No.  3  is  a  common  method  of  entering  high-tension  wires 
through  tile  pipes.  This  method  is  an  excellent  one,  and  will 
give  good  results  even  up  to  pressures  of  30,0P0  volts.  En- 
trances of  this  design  should  always  be  made,  if  possible,  through 
gable  end  of  the  building  and  not  under  the  eaves,  as  shown  by 


FiQ.3 


Mr.  Skinner.  If  impossible  to  enter  at  the  end  of  the  building, 
then  a  rain-shed  should  be  provided  over  the  wires,  this  being 
especially  essential  in  cold  climates,  where  ice  forms  readily. 

Fig.  No.  4  is  a  simple  method  of  entering  high-tension  wires  as 
applied  to  an  iron  building.  The  glass  tubes  shown  are  four  feet 
in  length  two  inches  in  diameter,  and  from  five-eighths  to  three- 
fourths  of  an  inch  in  thickness.  This  method  is  now  in  regular 
use  at  50,000  volts. 


FiQ.  A 


Fic;s.  No.  ')  and  No.  6  are  methods  of  entering  wires  vertically 
through  the  roof.  Fig.  7  is  a  detail  of  the  roof  insulator,  used  in 
connection  with  the  arrangement  as  shown  in  Fig.  No.  6.  The 
drawings  show  the  construction  clearly  and  require  no  explana- 
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tion.  These  vertical  entrances  are  in  use  at  the  Canyon  Ferry 
Plant  of  the  Missouri  River  Power  Company,  and  give  good 
satisfaction.  The  above  methods  are  selected  as  representing 
current  practices.     There  can  be  no  one  method  of  entering  high- 
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tension  wires.  It  is  always  a  question  of  engineering  detail, 
which  should  receive  special  treatnient  in  each  particular  case. 

President  Scott: — Mr.  Skinner's  paper,  on  the  "  Methods 
of  Bringing  High-Tension  Conductors  into  Buildings/*  is  open 
for  discussion. 

Mr.  Mershon: — I  have  used  a  number  of  different  methods 
of  bringing  wires  into  buildings,  some  of  which  have  already 
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been  described.  The  method  of  a  tile  and  a  flat  glass  plate, 
has  been  used.  I  think,  quite  a  long  while;  also  that  of  a  glass 
tube  in  a  wooden  bushing  going  through  the  wall,  for  voltages 
of  25,000  or  30,000.  The  latter  is  a  good  method  of  bringing 
wires  into  btiildings  except  for  the  difficulty  of  getting  glass 
tubes.  Some  times  I  have  had  no  difficulty  in  getting  satis- 
factory glass  tubes;  at  other  times  tubes  obtained  from  the 
same  manufacturer  will  all  go  to  pieces  if,  being  warm,  they  are 
subjected  to  a  blast  or  draft  of  cold  air,  such  as  would  result  from 
opening  the  door  of  the  station.  So  I  have  come  to  feel  a  Httle 
bit  afraid  of  the  use  of  glass  tubes. 

Now,  as  to  the  size  of  the  glass  plate  and  the  distance  which  the 
voltage  will  go  over  it.  Some  time  ago  I  had  occasion  to  install 
a  tile  and  a  glass  plate  arrangement  because  there  was  not  time 
to  get  anything  else,  and  the  largest  tile  obtainable  was  24  inches. 
That  size  was  put  in  on  a  50,000  volt  line,  which  has  been  in 
operation  in  all  kinds  of  weather  for  four  or  five  months  without 
any  trouble.  At  times  the  frost  gets  so  thick  on  the  glass  that 
you  cannot  see  through  it  and,  if  the  line  has  been  shut  down  for 
a  little  while  and  a  great  deal  of  frost  has  collected,  there  is  a 
discharge  over  the  glass  until  the  frost  is  melted;  but  after  it  is 
melted  near  the  wire  the  discharge  stops  almost  altogether. 
Although  we  have  had  no  trouble  at  all  in  this  case,  I  think  a 
greater  distance  than  12  inches  over  the  surface  of  the  glass  plate 
from  the  wire  to  the  tile  in  a  brick  wall  is  advisable  for  this 
voltage.  I  think  this  question  of  entering  buildings  is  a  good 
deal  like  the  question  of  insulators,  in  that  it  depends  somewhat 
on  the  climate.  There  are  places  where  the  climate  is  such  that 
the  method  I  have  just  described  for  a  50,000  volt  circuit  would 
undoubtedly  give  trouble. 

Mr.  R.  F.  Hay  ward: — There  is  no  doubt  that  the  question 
of  climate  cuts  a  very  big  figure  in  the  selection  of  the  methods 
for  entering  buildings  with  high-tension  wires.  I  think  this 
method  of  using  a  tile  is  open  to  objection,  and  a  good  deal 
of  trouble  comes  from  it.  I  do  not  think  that  any  outlet  which 
has  for  its  protection  a  covering  for  building  outside  the  power 
house  where  the  wire  comes  in,  then  up  and  then  through,  is 
very  nice,  for  the  reason  that  birds  do  get  in.  The  most  suc- 
cessful outlet  that  I  know  of  is  one  that  was  put  in  at  the  Murphy 
mill  and  has  been  running  on  40,000  volts  for,  I  think,  four  years. 
There  is  a  brick  wall  in  the  gable  end.  The  outlets  are,  I  think, 
four  feet  apart.  The  holes  in  the  brick  are,  I  think,  18  inches. 
They  may  not  be  more  than  14  inches.  In  those  are  set  two 
plates  of  glass,  each  i)late  of  glass  flush  with  the  outside,  then 
another  flush  with  the  inside,  of  the  brick;  a  hole  about  2 J  inches 
in  diameter  drilled  through  this  nnd  another  glass  tube  placed  in 
it.  There  was  great  difficulty,  as  Mr.  Mershon  has  mentioned,  in 
getting  good  glass,  but  they  have  got  it,  and  that  glass  has  never 
i)roken.  There  has  never  been  a  short-circuit  or  a  breakdown, 
and  that  gable  end  faces  the  southwest  storms,  where  all  the 
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sleet  and  rain  comes  from.  We  are  using  that  kind  of  outlet 
for  all  our  work  in  Utah,  only  instead  of  using  the  glass  tube  we 
are  going  to  use  porcelain  tubes,  because  I  think  we  can  get  them 
stronger,  and  we  shall  simply  increase  the  size  of  the  plate  glass 
to  about  two  and  even  three  feet  square.  I  think  that  people 
do  not  appreciate  how  effective  in  practice  a  simple  piece  of 
plate  glass  is.  On  16,000  volts  I  have  a  piece  of  12-inch  plate 
glass  with  a  J  hole  drilled  in  it  and  wires  passing  right  through, 
and  have  never  had  the  slightest  trouble,  although  we  frequently 
have  severe  storms  in  winter.  I  think  that  the  most  important 
thing  in  outlets  is  lots  of  space  and  not  cumbering  the  outside  of 
your  building  with  any  extra  structure.  Leave  it  clear,  so  that 
nothing  can  get  up  against  it,  and  where  everybody  can  see  it. 

Mr.  V.  G.  Converse: — I  am  hardly  prepared  for  an  im.- 
promptu  discussion,  but  I  have  a  few  ideas  on  this  subject,  one  of 
which  I  think  is  of  the  utmost  importance  with  very  high  volt- 
ages. It  is  that  the  insulation  into  a  building  should  of  itself  be 
protected.     It  should  be  protected  so  that  anything  coming  in  a 
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horizontal  line,  such  as  rain,  snow  or  dirt  that  is  blown  will  not 
decrease  the  resistance  of  the  insulation.  Two  fij^ures  show  the 
extension  of  the  roof  brought  down  to  such  a  point  that  to  my 
mind  it  leaves  off  just  where  it  begins  to  be  of  value. 
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The  tile  shown  in  Fig.  1,  seems  to  me  to  possess  a  very  bad 
feature  in  being  left  open  on  the  exposed  side.  This  construction 
may  suffice,  and  I  know  of  several  cases  where  it  is  in  use.  but  it 
certainly  is  open  to  the  objection  of  being  free  to  receive  any- 
thing that  may  lodge  in  it.  I  think  that  Fig.*  2  is  a  much  better 
construction,  but  it  could  be  improved  upon  by  using  several 
tubes,  rested  one  within  the  other.  Mr.  Mershon  has  stated  the 
objection  to  glass  tubes,  and  I  would  recommend  the  substitution 
of  porcelain.  I  do  not  think  that  porcelain  is  always  a  good 
article  to  use,  but  it  is  in  this  case.  Suitable  glass  tubes  are  not 
made  in  this  country  and  are  very  difficult  to  get  anywhere, 
while,  porcelain  tubes  are  a  standard  article  of  manufacture  and 
they  can  be  gotten  in  lengths  up  to  three  feet.  I  believe,  and  in 
a  variety  of  diameters,  which  will  nest  ver>'  satisfactorily.  I 
would  make  the  further  suggestion  with  reference  to  Fig.  2,  that 
instead  of  one  glass  plate,  there  be  two  glass  plates,  spaced  some 
five  or  six  inches  apart.  This  will  give  additional  support,  and 
afford  an  inside  space  which  should  tend  to  prevent  the  accumu- 
lation of  frost.  As  to  the  point  of  the  extension  of  the  gable,  as 
first  mentioned.  I  think  that  there  is  the  insulation  of  the  whole 
structure.  To  my  mind,  the  most  uncertain  point  of  the  insula- 
tion in  Mr.  Skinner's  second  figure  is  the  surface  distance  from 
the  outer  end  of  the  tube  over  the  glass  plate.  This  cannot  be 
ver\'  many  inches  and  should  be  protected.  I  would  advise  that 
the  gable  be  extended  down  to  a  point  considerably  below  the 
wall  insulation.  The  line  wires  should  be  carried  from  the 
anchor  pole  to  a  point  several  feet  below  this  gable,  and  up  to  the 
tube  insulators  and  into  the  building.  The  lines  may  be  held  in 
this  position  by  a  bracket  supported  on  the  wall,  below  the  gable. 
If  the  imes  are  heavy  they  may  be  further  supported  by  line 
insulators  within  the  gable,  so  that  there  will  be  no  strain  on  the 
tubes  or  glass  plates.     I  furnish  a  sketch  embodying  my  ideas 

Mr  p.  H.  Thomas:— To  my  n.ind  Mr.  Converse's  suggestion 
of  a  rain-shed  is  an  excellent  one.  By  extending  the  roof  a  con- 
siderable distance  fri)m  the  wall  and  running  it  low  down,  build- 
ini:  a  batfle-plate  from  the  ground  up,  leaving  just  sufficient  open- 
ing to  carry  the  wires  in.  and  canning  the  wires  down  and  up  as 
he  sui^ijests.  you  get  the  conditions  of  an  indoor  inlet  at  the  main 
wall,  where  the  plate  glass  and  tubes  are  useii.  With  the  possible 
exception  of  the  temperature  outside,  the  conditions  or  interior 
coTistruotion  will  be  adTiiittoii  to  he  very  much  superior  to  those 
out  of  dov^rs.  Xow,  by  clianiriiiiT  the  usual  out-door  inlet  to  an 
ir.io^r  in:et  nine-tenth!>  of  the  trouble  wou:,1  l>e  avoided,  and  this 
c.in  be  easily  done  bv  tlie  rain-slied  sjxV.on  of.  Sometimes  it 
T---t  her.nreoonven:e:n  to  obtain  the  pr-tev'ti'm  bvbrineinethe 
the  ra::i->he^l  ins.,ie  the  hu^dm^ ;  that  is.  have  a  lai-e  opening  in 
:.-  wa.  an  i  mk  vhn-  a  s'-a  r  v.:,,  or  la-e  h.^x  up  near  the  top. 
-r  bn:v::v  m  the  w:res  an^  then  :n:t:::>^  the  true  inlet  on  the 
lartr.er  \va..,  where  it  wou.J  he  thorough: v  protected  trom  the 
weather. 
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There  is  one  other  point;  ordinarily,  I  think  a  great  deal  will 
be  gained  in  the  long  run  by  mounting  the  true  high  insulating 
inlet  in  an  insulating  panel,  n^^-de  as  nearly  fireproof  as  possible — 
something  of  the  nature  of  marble  would  of  course  be  the  best — 
but  with  a  large  number  of  substations  this  would  be  too  ex- 
pensive. For  a  great  many  climates,  it  would  be  wise  to  use  a 
wooden  panel  in  which  to  mount  the  glass  or  porcelain  inlet. 
This  panel  in  such  a  case  should  if  possible  be  made  of  a  number 
of  different  pieces  of  wood  with  the  grain  running  in  different 
directions,  and  should  of  course  be  as  well  treated  and  prepared 
as  possible.  There  is  a  certain  danger  of  fire,  but  this  is  a 
minimum,  I  think,  with  good  construction,  and  with  the  rain- 
shed  of  which  we  have  spoken. 

Mr.  p.  M.  Lincoln: — There  is  just  one  point  in  the  scheme 
mentioned  by  Mr.  Converse  that  I  would  like  to  bring  up,  and 
that  is  the  matter  of  taking  up  end  strain.  If  you  adopt  that 
scheme,  you  have  got  to  take  up  your  end  strain  on  the  line 
outside  of  the  building.  That  means  taking  it  up  on  the  stan- 
dard insulators  with  the  usual  pins.  Unless  there  is  a  special 
construction  it  is  difficult  to  take  up  the  strain  on  a  heavy  line 
in  that  manner.  The  end  strain  should  be  taken  up  by  a  strain 
insulator  inside,  as  represented  in  Mr.  Skinner's  sketch  No.  1. 
The  great  advantage  of  that  to  my  mind  is  that  the  end  strain 
of  the  line  is  taken  by  the  insulators  mounted  inside  the  building, 
and  you  can  put  your  insulator  in  any  position,  without  havmj^^ 
petticoats  in  such  a  position  as  to  fill  up  with  water  and  become 
useless. 
[Communicated   after   Adjournment   by    Dr.    Louis    Bell.] 

For  all  high  voltages.  I  prefer  the  arrangement  shown  in  Fig. 
2  in  Mr.  Skinner's  paper.  It  is  thoroughly  effective  and  has 
the  great  merit  of  demanding  ample  space  between  wires.  A 
mania  for  compactness  has  been  responsible  for  more  trouble 
in  high  voltage  systems  than  any  other  one  cause  with  which 
I  am  acquainted. 

Wire  towers  for  high  potential  lines  should  be  avoided,  first, 
last  and  always,  together  with  tunnels,  conduits  and  every  other 
device  for  getting  high-tension  wires  compactly  stowed  away  out 
of  sight.  My  own  personal  rule  is  to  use  wide  spacing  and  to 
carry  all  wires  in  obtrusively  plain  sight  until  they  get  out  of  the 
building  and  go  upon  the  line  proper. 

The  high  voltage  wires  themselves  and  all  their  connections 
should  be  so  placed  that  their  whole  arrangement  is  evident  from 
a  cursory  glance,  and  the  higher  the  voltage  the  more  need  for 
caution  in  this  respect. 


A  paper  presented  at  the^iOth  Annual  Convention  of 
the  American  Institute  of  Electrical  Engineers^ 
Niagara  Falls,  N.  Y.,  July  I,  1903. 


THE  GROUNDED  WIRE  AS  A  PROTECTION  AGAINST 

LIGHTNING. 


BY  RALPH  D.  MERSHON. 


Some  of  the  transmission  lines  of  this  countn^  have  installed 
upon  them  as  a  protection  against  lightning  one  or  more  wires 
strung  parallel  to  the  power  wires  and  grounded  at  intervals. 
There  is  a  difference  of  opinion  amongst  those  operating  such 
lines  in  different  parts  of  the  country  as  to  the  efficacy  of  this 
device.  The  importance  of  the  subject  makes  it  desirable  to 
have  an  expression  of  opinion  upon  it  from  those  members  of 
the  Institute  who  have  had  experience  in  operating  such  lines 
or  who  have  given  the  matter  close  consideration.  This  can 
perhaps  be  best  arrived  at  by  a  discussion  on  the  subject. 

Theory. 

There  are  three  ways  in  which  lightning  can  affect  a  trans- 
riission  line;  by  a  direct  stroke,  by  electromagnetic  induction 
and  by  electrostatic  induction.  Protection  against  the  first  of 
these  would  be  almost  impossible,  certainly  impracticable. 
Fortunately,  lines  are  not  often  struck  by  lightning.  The 
second,  electromagnetic  induction,  is,  in  the  opinion  of  the 
writer,  a  theoretical  possibility — nothing  more.  It  is  against 
tlie  effects  of  the  third,  electrostatic  induction,  that  lines  are  to  be 
protected,  whether  by  lightning  arresters  or  by  grounded  wires. 

The  theory  of  the  electrostatic  induction  action  may  be  ex- 
plained with  practical  accuracy  as  follows:  The  whole  trans- 
mission system,  line,  transformers,  etc.,  may  be  regarded  as  an 
electrostatic  conductor,  insulated  from  the  earth.     Suppose  a 
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cloud  heavily  charged  with,  say,  a  positive  charge,  to  move  up 
to  the  region  over  the  transmission  Hne.  There  will  be  a  posi- 
tive charge  **  set  free  **  on  the  transmission  system  and  it  will 
have  a  tendency  to  pass  to  earth.  It  will  pass  to  earth  by  grad- 
ual leakage  over  and  through  the  insulation  of  the  system  if  the 
approach  of  the  cloud  is  slow  enough  to  give  time  for  such 
leakage;  if  not  it  may  puncture  the  insulation  and  thus  pass  to 
earth.  The  intensity  of  the  charge  will  depend  upon  the  poten- 
tial at  the  line  wires  due  to  the  charge  of  the  cloud.  Suppose 
there  be  near  the  transmission  wires  other  wires  parallel  to  them 
and  grounded  at  frequent  intervals.  They  will  also  be  subject  to 
the  inductive  action  and  the  charge  set  free  upon  them  will  pass 
to  earth  as  fast  as  liberated,  the  *'  bound  "  charge  of  the  opposite 
sign  of  that  of  the  cloud  remaining  and  depending  for  its  magni- 
tude on  the  potential  due  to  the  cloud  and  the  electrostatic 
capacity  of  the  grounded  wires.  Under  these  conditions  the 
intensity  of  the  charge  on  the  transmission  wires  will  no  longer 
depend  only  upon  the  potential  at  them  due  to  the  cloud,  but 
upon  the  combined  action  of  the  charge  of  the  cloud  and  the 
bound  charge  of  the  grounded  wires.  In  other  words,  the 
potential  of  the  line  wires  will  be  equal  to  the  difference  of  the 
potentials  due  respectively  to  the  cloud  and  the  grounded  wires 
and  will  in  general  be  less  than  that  due  to  the  cloud.  This 
action  constitutes  what  may  be  designated  as  the  '*  shielding 
action  "  of  the  grounded  wires. 

Return  now  to  the  condition  where  with  no  grounded  wires 
the  system  has  been  gradually  charged  and  the  charge  has 
gradually  leaked  away,  leaving  a  bound  charge  of  negative  sign 
on  the  system.  Suppose  now  the  cloud  be  discharged  by  a 
lightning  flash  to  earth.  The  potential  due  to  it  at  the  trans- 
mission wires  is  now  zero  and  there  is  consequently  left  upon  the 
transmission  system  the  negative  charge  which  was  previously 
*'  bound  **  but  is  now  "  free  *'  and  which  has  a  tendency  to  pass 
to  earth  and  will  probably  do  so  suddenly,  since  the  charge  has 
been  rendered  free  suddenly.  Its  passage  to  the  earth  may 
mean  a  puncture  of  the  insulation  of  the  system.  If,  however, 
we  assume  that  the  grounded  wires  are  again  present  and  the 
charge  bound  on  the.n  by  the  cloud  and  set  free  upon  them  by  the 
lightning  flash  can  readily  pass  to  earth,  there  will  be  less  ten- 
dency towards  the  puncture  of  the  insulation  of  the  system 
because  of  the  fact  that,  as  previously  explamed,  the  impressed 
})otential  of  the  line  wires  before  the  flash  is  less  with  the  grounded 
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wires  than  without  them.  If  the  charge  on  the  grounded  wires 
cannot  pass  readily  to  earth  the  charge  on  them  will  tend  to 
set  free  a  negative  charge  on  the  line  wires,  which  will  be  added 
to  that  set  free  on  the  line  wires  by  the  lightning  flash.  The 
worst  condition  would  be  that  under  which  the  charge  on  the 
grounded  wires  could  not  pass  to  the  ground  at  all,  in  which  case 
the  sum  of  the  two  charges  on  the  line  wires  will  be  just  equal 
to  that  which  would  have  existed  if  there  were  no  ground  wires. 
The  passage  of  the  charge  from  the  grounded  wire  to  ground  will 
always  be  more  or  less  obstructed  by  the  inductance  of  the  dis- 
charge path,  the  effectiveness  of  this  inductive  obstruction 
depending  upon  the  suddenness  with  which  the  cloud  discharges. 
This  inductive  action  of  the  ground  wires  due  to  the  charge  left 
upon  them  we  will  designate  as  the  "  direct  action  "  of  the 
wires. 

The  '*  shielding  action  *'  of  the  ground  wires  may  be  calcu- 
lated by  making  assumptions  which  will  approximate  to  a 
degree  those  which  obtain  in  practice,  but  the  calculation  of  the 
*'  direct  action  "  is  less  satisfactory  since  it  involves  a  number 
of  assumptions,  all  more  or  less  speculative  in  their  nature. 
This  is  due  amongst  other  things  to  the  fact  that  we  cannot  know 
how  long  the  lightning  flash  will  last  or  whether  it  will  be  oscilla- 
tory or  not.  Furthermore,  we  do  not  know  what  the  dielectric 
strength  of  the  insulation  of  the  system  will  be  for  periods  of 
time  so  short  as  those  involved  under  the  conditions  mentioned. 
We  do  know,  however,  that  under  the  worst  conditions  that  can 
obtain  the  insulation  stress  due  to  the  "  direct  action  "  of  the 
grounded  wires  can  be  no  greater  than  though  they  were  not 
present  and  will  in  general  be  less.  We  also  know  that  whatever 
be  the  maximum  value  of  this  insulation  stress  it  will  diminish 
rapidly  either  in  an  oscillatory  or  non-oscillatory  manner,  the 
rapidity  of  the  diminution  depending  upon  the  freedom  of  the 
discharge  path  from  obstruction.  It  is  to  be  noted  that  the 
time-element  of  dielectric  strength  is  not  involved  in  the  calcula- 
tion of  the  "  shielding  action  "  to  the  degree  that  it  is  in  the 
*'  direct  action  ** ;  since  in  the  former  case  the  charge  comes  on  to 
the  system  more  or  less  gradually  and  we  may  assume  without 
great  error  that  ordinary  values  of  dielectric  strength  hold. 

In  order  to  get  an  idea  as  to  the  magnitude  of  the  "  shielding 
action  **  let  us  calculate  its  effect  under  the  most  simple  condi- 
tions. Suppose  we  have  two  No.  00  wires  stretched  side  by  side 
on  a  pole  line  20,000  feet  in  length,  the  wires  being  one  foot 
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apart.  Call  these  wires  a  and  b.  Suppose  first  that  both  wires 
are  insulated  from  ground  and  that  the  space  occupied  by  them 
is  raised  by  the  inductive  action  of  a  cloud  to  a  p>otential  v  above 
the  earth.  The  expression  for  the  potential  of  a  long  cylinder 
or  wire  of  length  /  and  diameter  d,  having  upon  it  a  charge 
whose  density  is  d  is 

2/ 
v^  =  2nd  8  loge  -T 

The  potential  outside  such  a  wire  at  a  distance  5  from  its  axis  is 

/ 


=  2  TT  J  5  loge  — 


Each  of  the  wires  a  and  b  has  upon  it,  therefore,  a  free  charge 
of  such  a  density  that 

^    d  2nd  loge  2  l/d 

Now  let  one  of  the  wires  a  be  connected  to  earth.  The  free 
charge  on  a  goes  to  earth  leaving  a  *'  bound  "  charge  whose 
density  is  equal  and  opposite  to  that  of  the  free  charge  or 

_. -V 

2nd  loge  2  l/d 

The  potential  of  any  point  distance  5  from  the  wire  a  and  due 
to  the  bound  charge  of  density  —  d  is,  therefore, 

l/,    =    -2.c/.l0ge-    =    -j^^,^/^-. 

The  resultant  potential  therefore  at  any  point  distant  s  from 
the  axis  of  the  wire  a  due  to  the  combined  actions  of  the  charge 
on  the  cloud  and  the  bound  charge  on  a  is 

^     '  L        log2//jJ        "^  L         \og2l-\ogd] 

This  expression  will  give  the  resultant  potential  at  the  wire  b 
when  A  is  grounded,  if  we  substitute  in  it  the  value  /  =  20,000, 
d  =  .3048  inches  =  .0304  feet  =  diameter  of  No.  00  wire  and 
5=1  foot.     Substituting  these  values  we  have 

F  +  l^  =  .297.F 

It  appears  therefore  from  this  rough  calculation  that  if  each 
wire  of  a  transmission  line  20,000  feet  in  length,  the  conductors 
of  which  consist  of  No.  00  wire,  have  stretched  parallel  to  it  and 
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at  a  distance  of  12  inches,  a  grounded  wire  equal  in  size  to  the 
line  wire,  the  potential  of  the  line  wire  due  to  a  charged  cloud 
could  not  rise  to  exceed  30  per  cent,  of  the  value  to  which  it 
would  rise  if  the  groundec'  wire  were  not  present.  As  a  matter 
of  fact,  if  each  of  the  line  wires  had  its  corresponding  ground  wire 
the  potential  to  which  they  could  rise  would  be  even  less  than 
this  because  each  line  wire  would  be  influenced  not  only  by  its 
own  grounded  wire  but  by  all  of  the  other  grounded  wires  also. 
However,  it  is  not  usually  the  practice  to  employ  a  grounded  wire 
so  large  as  that  assimied,  and  12  inches  is  a  smaller  distance  from 
grounded  wire  to  line  wire  than  would  usually  have  place.  The 
usual  variation  from  these  quantities  will  about  compensate  for 
the  effect  due  to  a  greater  number  of  grounded  wires  as  usually 
arranged,  so  that  the  example  taken  serves  its  purpose  as  furnish- 
ing a  criterion  as  to  the  magnitude  of  the  effect  of  the  grounded 
wires.  It  does  not  and  is  not  intended  to  furnish  a  criterion  as  to 
construction  or  practical  details. 

Material  and  Dimensions  of  Ground  Wires. 
Ground  wires  are  usually  of  galvanized  iron.  This  material  is 
probably  as  good  from  an  electrical  standpoint  as  any  other, 
since  with  the  rapid  flow  which  must  take  place  at  discharge  the 
material  of  the  wire  itself  will  probably  make  little  difference  in 
the  obstruction  offered  to  the  flow.  The  size  of  the  wire  will 
have  an  important  bearing  since  in  general  the  larger  the  wire  the 
less  obstruction  it  will  offer  and  also  the  greater  its  '*  shielding 
action."  Greater  effectiveness  will  be  obtained  of  course  for  a 
given  amount  of  material  from  a  number  of  grounded  wires  of 
smaller  size  than  from  a  smaller  number  of  larger  size.  Barbed 
wire  is  often  used  for  grounded  wires  but  in  the  opinion  of  the 
writer  it  has  no  advantage  over  smooth  wire.  It  seems  to  have 
been  adopted  with  the  idea  that  the  points  would  in  some  way 
discharge  the  atmosphere,  but  if  the  accumulation  of  a  charge  on 
the  line  wires  is  in  accordance  with  the  explanation  already  given 
the  points  cannot  be  effective  in  any  way. 

Method  of  Installation. 
Usually  three  grounded  wires  are  installed,  one  on  top  of  the 
pole  and  one  on  each  end  of  a  cross-arm.  They  are  generally  tied 
to  glass  insulators  presumably  for  mechanical  reasons,  as  all 
three  wires  are  of  course  grounded.  The  wires  should  be 
grounded  as  often  as  possible,  so  that  the  obstruction  to  the  flow 
between  grounded  wire  and  earth  shall  be  kept  as  low  as  possible, 
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thus  keeping  down  the  direct  action  of  the  grounded  wire  to  as 
low  a  figure  as  possible. 

Results  in  Practice. 
The  writer  has  known  of  a  number  of  plants  where  grounded 
wires  were  installed.  In  one  of  these,  as  the  result  of  a  number 
of  years  of  operation,  those  in  charge  of  the  plant  feel  sure  that 
the  grounded  wires  furnish  a  reliable  and  effective  protection 
against  lightning.  In  some  of  the  other  plants  those  operating 
think  that  the  grounded  wires  furnish  more  or  less  protection  but 
are  doubtful  as  to  the  amount.  In  still  other  plants  those  in 
charge  feel  sure  that  the  grounded  wires  are  of  no  value  whatso- 
ever and  constitute  a  nuisance  and  menace  because  of  their 
liability  to  break  and  fall  across  the  power  wires.  In  some  of  the 
cases  of  doubtful  success  or  failure  the  trouble  may  have  been 
due  to  poor  grounds  or  to  the  wires  not  having  been  grounded 
frequently  enough,  as  in  some  of  these  cases  the  wires  were  not 
grounded  at  every  pole.  In  all  of  the  doubtful  cases  lightning 
arresters  which  were  installed  in  addition  to  the  grounded  wires 
received  more  or  less  discharges  during  thunder  storms. 
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Discussion    op    "  The    Grounded    Wire    as    a    Protection 
AGAINST  Lightning/' 

President  Scott: — This  is  certainly  a  very  important  and 
very  interesting  topic,  one  on  which  it  is  very  difficult  to  secure 
complete  and  definite  information.  The  conditions  surrounding 
the  problem  are  indefinite  and  hard  to  determine,  as  in  fact  are 
all  experiments  in  connection  with  lightning  work.  We  should 
be  very  pleased  to  hear  from  those  who  h^ve  had  experience 
with  this  subject.  I  think  Dr.  Perrine  has  had  something  to  say 
on  this  in  the  past. 

Dr.  F.  a.  C.  Perrine: — From  my  own  experience,  I  would 
say,  that  there  seems  to  be  no  question  but  that  a  grounded 
wire  on  a  pole  line  properly  grounded  does  benefit  in  lightning 
protection.  In  relation  to  the  question  as  to  whether  barbs  are 
used  or  not,  I  agree  with  Mr.  Mershon  that  they  can  have  com- 
paratively little  effect  in  discharging  the  atmosphere,  for  the 
reason  that  the  atmosphere  that  we  wish  to  discharge  is  a  moving 
atmosphere  and  not  a  stationary  one.  If  the  atmosphere  were  a 
stationary  one  the  barbs  on  the  wire  would  undoubtedly  aid  in 
the  discharge.  On  the  other  hand,  after  a  cloud  has  discharged 
in  the  neighborhood  of  the  line,  and  the  line  and  its  accompany- 
ing guard  wire  has  reached  a  stationary  condition,  just  before  the 
bomb  charge  is  about  to  disappear  from  the  line  through  the 
ground  circuit,  I  believe  that  the  points  on  the  grounded  line  will 
tend  to  aid  the  release  of  the  bomb  charge  from  the  power  Hne; 
and  while  there  is  not  much  in  favor  of  the  barbs,  it  would  be  my 
opinion  that  if  it  is  possible  to  obtain  a  wire  With  a  point  on  that 
is  not  thereby  mechanically  weakened,  it  would  be  advantageous 
to  obtain  such  points.  But  such  a  wire  is  not  on  the  market.  I 
agree  that  it  is  not  wise  to  fool  with  barbed  wire,  because  you  can 
get  much  greater  permanence  with  simple  twisted  strand  wire  or 
single  wire. 

There  is  one  point  that  has  not  been  brought  out,  and  that  is 
the  question  of  possible  loss  of  energy  due  to  inductance  to  the 
grounded  wire.  On  one  Hne  that  I  am  familiar  with  they 
claimed  that  there  was  a  very  serious  loss  of  energy  due  to 
electromagnetic  induction  to  the  grounded  wire,  the  grounded 
wire  making  short  circuits  parallel  to  the  line.  I  made  some 
tests  on  this  and  could  not  find  anything  that  seemed  to  be  really 
appreciable.  1  would  also  hke  to  call  attention  in  reference  to 
the  communication  that  Mr.  Mershon  read,  to  the  fact  that  the 
power  line  at  Lachine,  where  they  have  found  no  trouble,  al- 
though only  protected  by  lightning  arresters,  is  a  line  of  long 
iron  poles,  where  the  earth-tension  is  undoubtedly  brought  nearer 
the  line  than  would  be  the  case  with  wooden  poles.  We  have 
no  practical  experience  except  with  one  or  two  lines  such  as  the 
Lachine  line. 

Mr.  Mailloux: — In  one  line  in  Arizona  25  miles  long,  which 
connects  at  a  station  at  one  end,  a  receiving  station  at  the  other 
end,  and  a  second  power  station  about  eight  miles  from  the 
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receiving  end,  no  provision  was  made  for  lightning  protection 
except  by  spark-gap  lightning  arresters  at  the  stations.  In 
other  words,  the  line,  a  3-conciuctor  line,  about  25  miles  long, 
with  transmission  voltage  of  22,000  volts,  has  only  three  points 
at  which  it  is  protected  by  lightning  arresters.  I  was  curious 
to  know  what  had  been  the  experience,  and  wrote  to  the  operat- 
ing engineer,  Mr.  D.  W.  Beldon,  one  of  our  members.  He 
replied  that  the  line  had  never  been  without  current  since  it  was 
started,  last  fall;  that  notwithstanding  the  fact  that  there  had 
been  many  lightning  storms,  including  one  which  occurred  while 
the  load  was  at  its  peak,  there  has  never  been  any  trouble  at  all 
from  lightning.  There  is  a  discharge  over  the  lightning  arresters, 
but  it  has  never  been  such  as  to  interfere  in  the  slightest  manner 
with  the  operation  of  the  line. 

Mr.  a.  J.  \VuRTs:--i  am  pleased  to  note  that  Mr.  Mershon 
does  not  recommend  altogether  abandoning  the  spark-gap  light- 
ning arrester. 

I  do  not  agree  with  him  where  he  states  that  "  this  discharge 
will  pass  to  earth  by  gradual  leakage  over  the  insulation  of  the 
system  if  the  approach  of  the  cloud  is  slow  enough  to  give  time 
for  such  leakage."  I  do  not  l)elieve  that  the  velocity  of  the 
cloud  has  any  immediate  influence  on  the  static  charges  in  over- 
head wires  as  to  whether  they  leak  to  earth  or  become  disrup- 
tive. I  consider  the  cloud  or  upper  storm  strata  and  the  earth 
to  form  the  two  terminals  of  a  huge  static  machine  and  I  think 
you  will  agree  with  me  that  a  lightning  discharge  does  not  start 
from  a  single  point  but  that  the  main  discharge  as  we  see  it  is 
made  up  of  a  large  number  of  smaller  tributary  discharges  which 
in  turn  are  made  up  from  still  smaller  sources,  very  much  as  our 
water  sheds  are  ultimately  concentrated  into  one  large  stream 
or  river.  I  believe  the  same  to  be  true  in  the  earth  terminal, 
that  there  also  are  tributary  discharges  from  all  sources  of 
electrostatic  capacity  and  from  all  directions  toward  the  main 
stroke.  I  believe  that  all  electric  wires,  grounded  or  otherwise, 
car  rails,  gas  pipes,  water  pipes,  all  form  a  part  of  the  earth 
terminal  of  this  huge  static  machine  and  that  a  grounded  wire 
in  the  neignborhood  of  an  insulated  electric  line  will  not  mate- 
rially protect  that  line  but  that  all  will  discharge  alike  and  that 
the  discharge  will  tend  to  be  disruptive  with  every  discharge  of  the 
the  static  machine — with  every  stroke  of  lightning.  If  there  is 
any  virtue  in  the  theory  of  the  leakage  of  the  static  charge,  surely 
this  ought  to  manifest  itself  in  our  trolley  wires,  all  of  which  are 
thoroughly  well  grounded  as  far  as  leakage  is  concerned,  although 
for  disruptive  discharges  it  is  admitted  that  the  ground  con- 
nection is  of  no  avail,  owing  to  the  large  inductive  resistance 
intervening  between  the  overhead  wire  and  the  ground  con- 
nection. 

I  am  sure  you  all  know  that  wire  fences,  gas  pipes,  and  even 
gilt  mouldings  around  a  room  will  give  off  discharges  during  a 
thunder  storm,  and  these  discharges,  as  I  take  it,  are  due  to  the 
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I 
release  of  the  electric  stress  by  the  lightning  discharge  breaking 
through  the  dielectric.  The  charge  then  which  had  previously 
existed  in  all  bodies  having  electrostatic  capacity,  seeks  to 
establish  a  path  to  the  main  lightning  discharge;  so  that  every 
piece  of  metal,  ever\'  conductor,  whether  "  grounded  *'  or  other- 
wise adds  to  the  capacity  of  the  earth  terminal.  I  have  even 
noticed  discharges  between  p)arts  of  large  steel  buildings. 

Admitting  now  that  discharges  do  occur  from  all  kinds  of 
conductors,  it  would  appear  that  the  overhead  grounded  wire 
could  hardly  be  considered  a  reliable  source  of  protection  because 
if  it  really  did  protect,  I  do  not  believe  that  we  would  obtain 
sparks  from  the  inside  metallic  parts  of  buildings,  protected  (?) 
as  they  are  by  well  gpvjunded  water  pipes,  forniing  the  best 
possible  overhead  groimded  wire. 

Mr.  Thomas:--  I  do  not  know  of  results  where  all  the  condi- 
tions have  been  carefuUy  investigated  and  where  it  is  definitely 
known  that  there  has  been  trouble  without  a  groundcci  wire,  that 
it  has  been  stopped  by  the  addition  of  a  grounded  wire,  and  (to 
make  the  proof  of  the  eOiciency  of  a  groimded  wire  complete)  we 
should  have  also  the  other  case,  where  the  removal  of  the 
grounded  wire  shows  the  beginning  of  trouble  again.  Such  a 
case  would  be  very  unlikely  and  in  its  absence  we  must  wait  for  a 
very  large  number  ot  ordinary  tests. 

In  regard  to  Mr.  Mershrn's  assumption  as  to  the  nature  of  the 
effect  of  lightning  upon  the  line,  he  concludes  that  it  is  practi- 
cally all  electrostatic  induction,  but  I  believe  he  is  hardly  justified 
in  neglecting  the  electromagnetic  entirely. 

In  discharges  which  come  to  the  ground  in  the  immediate 
neighborhood  of  the  line,  we  certainly  cannot  neglect  the  electro- 
magnetic effects.  The  difficulty  of  protecting  oil  tanks  and 
powder  magazines  even  with  a  considerable  amount  of  grounded 
conductor  in  the  neighborhood  is  also  well  known. 

Dr.  Perrine  has  spoken  of  the  losses  on  grounded  wires  close 
to  transmission  lines.  I  am  surprised  to  find  that  it  does  not 
amount  to  anything.  I  should  think  it  probably  would  be  con- 
siderable, and  if  the  grounded  wire  is  made  of  considerable 
conducting  power,  i.e..  low  ohmic  resistance,  I  imagine  there  will 
be  found  quite  a  little  loss;  and  more  than  that,  if  these  grounded 
wires  are  placed  close  to  the  transmission  line,  as  must  be  done  to 
get  effectiveness,  it  must  considerably  increase  the  electrostatic 
capacity  of  the  system.  This  might  be  a  serious  item  in  a  large 
plant.  The  problem  is  very  complex  and  I  think  we  should  go 
very  slow  in  staking  too  much  on  grounded  wires. 

Another  point  on  which  I  think  Mr.  Hay  ward  can  give  us  some 
information — it  is  generally  supposed  that  the  striking  of  the 
lightning  to  the  ground  is  the  most  harmful  feature.  I  am 
inclined  to  beHeve  that  the  discharge  within  the  cloud  in  a  more 
or  less  horizontal  direction  will  produce  a  much  more  destructive 
effect  upon  a  transmission  line  which  happens  to  He  somewhere 
near  parallel  to  the  line  of  this  discharge  than  a  vertical  discharge 
will. 
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Dr.  Perrine: — I  would  like  to  speak  a  word,  Mr.  President, 
in  explanation.  I  see  Mr.  Thomas  has  distorted  my  statement 
that  I  could  not  find  a  loss,  to  the  statement  that  I  found  no  loss. 
There  is  a  good  deal  of  difference  between  the  two.  The  matter 
is  difficult  to  measure.  I  tried  to  measure  it,  and  couldn't  find 
it.     I  didn't  say  it  wasn't  there. 

Then  there  is  another  point  that  I  want  to  call  attention  to  now 
that  I  think  this  discussion  is  getting  a  little  mixed  on,  and  that 
is,  that  there  are  two  things  to  protect  against.  One  is  the 
gradual  charge  and  discharge  of  the  line  due  to  conditions  of  the 
atmosphere,  and  it  may  be  that  a  line  is  at  a  high  potential  at  one 
part  of  the  countr\^  and  at  a  low  potential  at  another,  or  that  the 
line  is  gradually  acquiring  a  charge  from  the  wind  blowing  over 
the  line  when  there  is  no  lightning  in  the  neighborhood,  and  in 
perfectly  clear  weather  you  can  have  that.  It  is  against  this 
form  of  trouble  that  I  believe  that  the  guard  wire  is  of  most  ad- 
vantage. I  do  not  believe  that  the  guard  wire  is  of  any  very 
great  advantage  when  you  have  lightning  discharges  of  severe 
character.  There  you  do  get,  as  both  Mr.  Wurts  and  Mr.  Thomas 
have  stated,  an  electromagnetic  effect  as  well  as  electrostatic 
but  the  gradual  charge  and  discharge  of  a  line  that  would  come 
in  perfectly  clear  weather  is  a  very  nasty  thing,  and,  as  I  said, 
one  line  that  I  saw  myself,  46  miles  long,  which  Mr.  Mason  was 
handling  with  me,  was  the  only  line,  as  Mr.  Mason  remarked, 
that  he  ever  succeeded  in  taking  hold  of  when  there  was  no 
dynamo  connected  with  it,  in  dry  weather,  without  getting  a 
shock.  He  attributed  that  almost  entirely  to  the  protection  of 
the  neighboring  grounded  wire. 

Dr.  a.  E.  Kennelly: — This  is  a  very  interesting  and  im- 
portant subject  and  one  that  must  always  be  of  great  practical 
consequence,  because  it  is  one  of  the  standing  difficulties  in  our 
transmission  line  work.  We  can  protect  against  the  regular 
difficulties,  but  Hghtning  is  one  of  the  difficulties  that  cannot  be 
reckoned  with.  Experience  in  this  matter  extends  to  a  much 
earlier  date  than  is  generally  supposed,  because  in  a  certain  sense 
we  have  exj)erience  on  this  question  for  at  least  50  years,  in  the 
protection  of  telegraph  and  telephone  wires.  It  is  true  that  the 
effects  of  lightning  in  telegraphy  are  of  much  less  consequence 
than  in  a  power  transmission  system,  because  the  amount 
of  property  that  may  be  damaged  in  telegraphy  by  a  lightning 
stroke  is  comparatively  small.  Nevertheless,  the  experience 
which  can  be  accumulated  on  the  long  wires  in  telegraphy  bears 
U])on  the  ex])enence  which  we  seek  to  accumulate  in  the  protec- 
tion of  transmission  lines.  It  has  been  a  popular  impression 
derived  from  many  years'  experience  in  telegraphy  that  the 
presence  of  neighboring  overhead  wires  does  protect  against 
indirect  lightning  elTects.  Of  course,  we  know  that  when  we 
speak  of  the  direct  flash  nothing  can  afford  protection,  but  in 
regard  to  these  surges  due  to  lightning  discharges  in  the  vicinity, 
there  is  a  strong  poj)ular  belief  among  telegraphists,  that  neigh- 


1903.]  DISCUSSION  AT  NIAGARA  FALLS.  341 

boring  wires  do  protect.  If  we  know  anything  at  ^1  about 
lightning — and  we  do  not  know  very  much — it  is  that  when  we 
put  a  conductor  wire  under  ground,  or  in  an  electrical  conducting 
shell,  that  the  buried  wire  is  freed  from  electrostatic  disturbances, 
and  also,  to  a  certain  extent,  freed  from  electromagnetic  dis- 
turbances. We  all  believe  that  a  buried  wire,  disconnected  from 
all  apparatus,  is  in  no  danger  of  a  lightning  stroke,  induced  or 
otherwise.  When  grounded  wires  are  carried  over  and  above, 
or  in  the  neighborhood  of,  a  working  wire,  the  earth  is  virtually 
raised  over  that  wire,  or  in  the  vicinity  of  that  wire,  and  we 
partially  produce  that  effect  which  a  completely  buried  wire 
more  thoroughly  attains.  I  think,  therefore,  it  stands  to  reason, 
that  if  only  there  are  grounded  wires  enough  over  and  above  and 
around  a  working  wire,  immunity  from  indirect  lightning  surges 
is  brought  to  that  wire.  But  whether  it  is  worth  while  incurring 
the  expense  and  trouble  of  stringing  the  grounded  wires  around 
the  working  wire  is  another  and  a  different  question.  Some 
years  ago  I  had  occasion  to  collect  some  information  of  this 
character  from  the  representatives  of  local  stations,  and  I  found 
the  evidence  was  somewhat  in  favor  of  protection  by  means  of 
guard  wires  suspended  in  the  neighborhood  of  the  working  wires. 

The  question  of  electrostatic  capacity  and  its  increases  due  to 
grounded  wires  on  the  working  wires,  is  one  of  the  minor  consid- 
erations to  be  taken  into  account,  but  after  there  are  three  wires 
up  in  a  three-phase  overhead  system,  the  extra  capacity  that 
can  be  given  by  adding  other  wires  is  comparatively  trivial.  It 
is  the  first  extra  wire  that  counts,  and  when  you  have  several 
wires  up  together  side-by -side  it  would  not  seem  that  the 
electrostatic  difficulty  is  going  to  be  a  serious  one.  The  amount 
of  energy  which  may  be  wasted,  in  transformer  fashion,  from  the 
main  line  to  .the  loops  of  the  grounded  lines  as  secondary  circuits, 
is  also  a  matter  to  be  considered,  and  I  do  not  think  that  it  has 
been  worked  out.  It  would  seem,  therefore,  that  there  is  an 
advantage,  theoretically  at  least,  in  having  grounded  wires, 
around  working  wires,  but  the  disadvantage  of  having  to  string 
extra  wires  around  a  transmission  system  is  very  serious. 

Mr.  Lincoln  :  Mention  has  been  made  of  the  electromagnetic 
as  well  as  the  electrostatic  effect.  I  wish  to  call  attention  to  the 
fact  that  these  grounded  wires  are  to  a  certain  extent  a  protection 
against  electromagnetic  as  well  as  electrostatic  effect  of  a  light- 
ning discharge  in  the  neighborhood  of  the  transmission  line.  The 
grounded  wires  constitute  a  short-circuited  secondary  and  the 
induced  effects  from  the  lightning  discharge  in  the  neighborhood 
will  be  largely  absorbed  by  that  short-circuited  secondary.  In  a 
solid  metallic  conductor  you  can  get  no  electromagnetic  effect; 
so  the  ground  wires  may  approach  that  condition. 

One  other  point  which  has  been  brought  out  before,  is  in  regard 
to  the  discharge  by  the  grounded  wires  of  the  atmosphere  which 
blows  across  the  line.  Mr.  Mershon  does  not  treat  of  that  in  his 
contribution,   but   I   think  it  is  an  important   point.     In  this 
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climate  we  do  not  get  that  effect  so  much  as  in  the  West,  because 
the  atmosphere  here  contains  much  more  moisture. 

Mr.  F.  S.  Woodward: — I  would  like  to  speak  of  just  one 
practical  point  in  regard  to  barbed  wires  on  a  line  that  I  am 
familiar  with.  For  about  two  years  after  erection  they  remained 
in  good  condition,  then  began  a  series  of  breaks  due  to  rusting. 
Nearly  every  break  of  a  barb  wire  was  followed  by  a  short  circuit 
in  line  wires.  As  a  result  of  this  experience  the  barb  wires  were 
replaced  with  No.  4  B.  &  S.  iron  wires.  The  extra  cost  of  larger 
size  iron  wires  was  more  than  offset  by  lesser  cost  of  erecting. 

This  line  had  ground  wires  every  six  poles.  The  ground  wires 
were  brought  about  half-way  up  the  pole  and  then  divided,  pass- 
ing up  at  extreme  end  of  cross-arms.  This  to  some  extent  pro- 
tected linemen  when  at  work,  as  otherwise  they  were  in  contact 
with  the  ground  return. 

Mr.  Rushmore: — There  is  one  point  which  I  have  not  heard 
mentioned.  If  a  transmission  line  runs  through  a  mountainous 
country  where  a  considerable  difference  in  latitude  exists  between 
different  parts  of  the  line,  there  will  be  an  electrical  effect,  due 
apparently  to  the  difference  in  altitude  which  causes  a  much 
greater  difference  of  potential  between  wires  and  ground  in  the 
low  than  in  the  high  altitudes.  In  some  instances  it  is  known 
that  a  considerable  difference  of  potential  exists  between  the 
base  and  summit  of  mountains.  A  grounded  wire  strung  along 
the  line  should  be  of  assistance  in  the  prevention  of  trouble  from 
this  cause. 

Mr.  R.  S.  Kelsch: — The  Lachine  Rapids  Hydraulic  and 
Land  Co.,  Ltd.,  of  Montreal,  Can.,  operating  a  general  overhead 
•distributing  system  for  light  and  power  work,  at  2200  volts  three- 
phase,  has  experienced  considerable  trouble  and  suffered  damage 
to  transformers  principally,  from  lightning. 

When  this  company  began  operating,  there  were  five  telegraph, 
telephone  and  electric  light  companies  operating  in  the  city  of 
Montreal — which  compelled  the  Lachine  Rapids  Company  to 
construct  95  per  cent,  of  their  lines  below  the  lines  of  other  com- 
panies. A  careful  record  kept  of  the  eighteen  circuits  indicated 
that  the  greatest  amount  of  trouble,  such  as  transformer  bum- 
outs,  etc.,  caused  by  lightning,  occurred  on  the  circuits  that  were 
built  under  the  lines  of  other  companies.  When  this  record  was 
started,  it  was  supposed  that  the  circuits  running  into  the  open 
districts  where  there  were  no  wires  above  them,  would  show  the 
greatest  number  of  transformer  bum-outs,  etc.,  but  the  result 
was  just  the  reverse. 

Mr.  John  F.  Kelly:-  -I  believe  that  the  main  protective  effect 
of  the  grounded  wire  is  not  against  lightning  discharges,  but 
principally  against  the  ordinary  atmospheric  electricity.  We 
all  know  that  with  a  difference  of  a  few  yards  in  elevation  we  may 
find  a  difference  of  several  thousand  volts,  and  a  wire  suspended 
at  any  distance  above  the  earth  will  in  time  gain  the  same  poten- 
tial as  the  air  or  bring  the  air  to  its  potential.     The  charge  so 
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accumulated  on  a  wire  will  discharge  to  earth  when  the  conditions 
are  favorable,  the  most  favorable  place  being  usually  determined 
by  the  weaknesses  in  transformers  and  dynamos.  As  to  the 
accumulation  of  that  charge,  the  rate  at  which  it  accumulates,  I 
remember  in  the  old  telegraph  days,  before  the  dynamo  service 
was  much  developed,  in  western  New  Jersey,  in  the  hill  country 
there  ran  a  telegraph  line  through  a  tunnel,  and  was  protected 
by  lightning  arresters.  Well,  they  couldn't  put  in*  lightning 
arresters  fast  enough  20  years  ago  to  keep  that  line  in  service. 
There  was  trouble  in  calm  weather,  when  there  was  no  sign  of 
disturbance  in  the  neighborhood  at  all.  Then,  when  the  alter- 
nating current  service  was  first  introduced,  I  remember  watching 
a  line  in  the  hills  of  Connecticut.  The  sparking  on  the  lightning 
arresters  was  constant  on  account  of  the  atmospheric  charge 
even  in  fine  weather,  although  the  line  was  only  a  few  miles 
long.  The  circuit-breaker,  in  connection  with  the  lightning 
arrester,  was  high  chattering  all  the  time.  Now,  I  think  it  is 
against  electricity  of  that  nature  that  the  grounded  wire  is  of 
service,  if  it  is  of  any  service  at  all. 

The  most  important  point  in  Mr.  Mershon's  paper,  to  my  mind, 
is  that,  if  his  theory  is  correct,  the  grounded  wire  may  be  placed 
below  and  yet  be  equally  as  protective  as  if  placed  above.  No  one 
heretofore  has  attributed  any  protective  effect  to  the  grounded 
wires  when  below  the  working  conductors.  The  great  danger  in 
even  laying  it  heretofore  has  been,  that  being  above,  in  break- 
ing, it  would  fall  on  the  transmission  wires. 

But  as  to  how  much  protective  effect  it  really  has,  I  think 
there  is  considerable  doubt.  Mr.  Mershon  has  referred  to  one 
line  on  which  it  appears  to  protect  perfectly.  I  think  I  recognize 
the  line,  and  on  that  line  there  are  a  lot  of  water  crossings,  the 
aerial  line  at  each  crossing  being  replaced  by  a  sub-aqueous  cable, 
and  at  each  of  these  crossings  both  sides  are  protected  by 
lightning  arresters.  So  that  is  one  thing.  The  other  thing 
is  difference  in  elevation  between  the  two  ends  of  the  line. 
The  effect  of  hilly  country,  to  which  Mr.  Rushmore  alluded,  is 
not  very  pronounced  there.  And  the^third  thing  is  that  they 
never  have  run  without  the  grounded  wire.  On  the  other  hand, 
I  know  of  a  plant  in  the  south  where  they  have  put  in  grounded 
wires  and  then  grounded  them  as  often  as  they  could.  It  is, 
however,  a  pretty  bad  country  to  obtain  good  grounds  in  as  the 
clay  soil  takes  hold  deep  down  in  the  dry  season.  A  number  of 
the  grounds  have  been  made  in  water  courses  and  some  have 
been  kept  artificially  wet,  but  I  think  they  have  not  been  able 
to  find  any  improvement  whatever.  My  own  feeling  is  that 
while  there  is  some  protective  effect  from  the  groiinded  wire, 
that  it  doesn't  pay  for  the  complications. 

It  has  been  said  that  the  electrostatic  effect  on  the  working 
conductors  is  of  no  importance,  but  I  think  when  you  get  lines 
150  or  200  miles  long  with  a  very  high  voltage  and  ordinary 
frequencies,  it  becomes  highly  important,  especially  if  one  uses 
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a  single  grounded  wire  not  set  in  neutral  position.  I  have  never 
seen  a  grounded  wire  so  placed.  If  it  is  set  out  of  the  neutral 
position  it  will  affect  not  only  the  amount  of  electrostatic  line 
charge  but  it  will  affect  its  distribution,  so  that  the  flow  will  be 
different  on  the  three  legs  of  the  line.  The  disturbing  effects  of  a 
balanced  electrostatic  charge  are  bad  enough. 

In  the  seventh  edition  of  Culley's  Handbook  of  Practical 
Telegraphy,  p.  126,  the  use  of  individual  ground  wires  on  the 
poles,  not  connected  by  an  overhead  conductor,  is  described. 
Several  able  telegraph  engineers  have  told  me  that  this  type  of 
line  construction  has  given  them  the  same  protection  in  nature 
and  amount  that  the  overhead  grounded  conductor  is  said  to 
afford.  Obviously,  Mr.  Mershon*s  condenser  theory  cannot 
apply  here,  and  in  consequence,  these  observations  tend  to 
throw  doubt  on  the  completeness  of  the  theory. 

Mr.  Hayward: — I  wish  to  suggest  to  the  Committee  on  .High- 
Tension  Transmission,  that  they  send  out  word  to  every  operat- 
ing engineer,  to  everybody  who  has  any  stations  of  high-tension 
lines  under  his  charge,  and  ask  that  every  one  of  their  engineers 
operating  under  them  be  made  an  observer;  to  have  everybody 
working  under  them  make  careful  observations,  not  only  when 
the  storm  is  on  but  when  the  storm  is  coming,  as  to  what  happens 
— time  it  as  nearly  as  possible,  record  it  in  a  log  book.  In  the  case 
of  a  breakdown  from  lightning,  let  him* go  right  to  the  spot  as  if  it 
were  a  fire,  and  let  him  collect  the  evidence  right  then  and  there, 
and  at  the  end  of  a  year  or  two  we  shall  all  know  far  much  more 
about  this  lightning  question  than  we  know  to-day. 

I  think  that  the  location,  other  than  the  elevation, — the  nature 
of  the  ground — has  a  great  deal  to  do  with  lightning  discharges.  I 
think  where  you  have  a  broad  valley  and  your  lines  are  lying  in 
the  valley  near  the  base  of  a  mountain,  that  you  will  get  dis- 
charges which  on  the  average  are  quite  different. 

Our  system  embraces  20,000  volts  and  some  400  or  500  miles  of 
high-tension  circuit  spreading  over  a  country  that  is  about  150 
miles  long.  Starting  in  the  old  days  when  the  insulation  was  low, 
with  2000  volts,  when  all  the  wires  were  in  the  trees,  we  never 
knew  any  lightning  trouble  in  any  shape.  As  we  improved 
our  installation  our  lightning  troubles  came  on  us  more  and 
more,  and  now,  carrying  20,000  volts,  with  lines  thoroughly 
insulated,  we  know  what  lightning  means.  1  do  think  that 
overhead  grounded  wires,  such  as  telephone  and  telegraph  wires, 
are  a  protection,  for  this  reason,  that  I  have  never  lost  a  trans- 
former in  our  business  section  which  is  the  most  thickly  covered 
with  other  wires.  But  they  are  not  complete  protection  by 
any  means,  even  at  2000  volts,  for  although  our  lines  at  Salt 
Lake  City  are  almost  all  on  the  same  poles  as  the  telephone 
wires,  yet  the  telephone  wires  do  not  entirely  protect  them. 
At  the  same  time,  we  cannot  help  feeling  that  if  you  absolutely 
surround  your  wires  with  a  grounded  network,  that  they  must 
be  protected,  except  against  perhaps  some  great  stroke  of  light- 
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ning,  so  to  speak.  However,  that  is  absolutely  impracticable 
from  our  point  of  view.  We  have  had  many  and  many  an 
instance  where  there  has  been  a  sudden  discharge  of  lightning, 
and  almost  instantaneously,  or  immediately  following,  there  has 
been  a  jump  from  the  lead  outside  the  transformer  to  the  case 
of  the  transformer,  rather  than  going  through  the  transformer 
coil.  We  have  had  a  lightning  discharge  smash  up  the  insu- 
lators on  the  line,  cut  into  the  station,  jump  from  the  lead  coming 
from  a  transformer  from  16,000  volts,  cut  off  the  transformer 
and  the  puncture  papers  in  the  lightning  arresters  never  show 
any  discharge.  Now,  all  those  occurrences  which  we  have  all 
show  the  same  sort  of  effect.  Our  troubles  come  at  the  moment 
when  the  lightning  discharges.  Troubles  due  to  the  raising  of 
the  potential  of  the  line  when  there  is  a  dust  storm,  or  wind 
storm  or  a  thunder  cloud,  are  taken  care  of  on  the  lightning 
arrester.  I  have  never  heard  or  known  of  any  trouble  from 
that.  Every  single  occurrence  that  has  ever  given  us  any 
trouble  has  been  at  the  moment  of  the  lightning  discharge. 

Mr.  John  F.  Kelly: — Mr.  Hayward,  I  think,  is  probably 
right  as  to  his  having  no  trouble  on  very  high-tension  lines  from 
atmospheric  electricity,  but  the  conditions  are  very  different  on 
lines  of  moderate-tension  or  low-tension,  like  telegraph  wires. 
On  a  high-tension  line  the  voltage  with  which  one  is  sealing  on 
the  line  is  itself  of  a  magnitude  comparable  with  the  atmospheric 
difference  of  potential  discharge,  and  consequently  when  the 
dielectric  strength  is  made  sufficient  to  resist  the  puncturing 
of  the  insulating  material,  puncture  by  the  charge  accumulated 
by  the  wires  is  also  presumably  guarded  against.  But  on  low- 
tension  circuits,  where  the  normal  voltage  is  much  below  the 
difference  of  potential  that  may  arise  from  atmospheric  charge 
there  is  no  such  guard  against  atmospheric  effects. 

President  Scott: — Mr.  Hayward  has  the  difficulties  which 
come  to  engineers  through  cooperation.  He  is  trying  to  cooper- 
ate some  three  or  four  different  plants  in  different  places  and  in 
different  directions  from  Salt  Lake  City,  and  which  have  been 
laid  out  with  different  voltages  and  under  different  conditions, 
as  separate  independent  plants  entirely, — the  old  Pioneer  plant  at 
Ogden,  the  Utah  Power  Company,  the  big  Cottonwood,  and 
now,  I  believe,  he  is  Hnked  in  with  the  Telluride  Power  Trans- 
mission Company.     Is  there  any  further  discussion? 

Mr.  W.  L.  Waters: — I  did  not  quite  follow  Mr.  Mershon's 
theoretical  calculation,  but  I  would  like  to  suggest  an  alternative 
calculation,  which  has  the  advantage,  from  my  point  of  view,  that 
gives  results  which  agree  more  with  my  own  practical  experi- 
ence. 

Let  us  assume  that  a  cloud  has  just  discharged,  and  that  we 
are  left  with  an  induced  charge  on  the  transmission  wire  which 
raises  this  wire  to  a  high  potential  above  the  earth,  and  we  wish 
to  find  out  to  what  extent  the  presence  of  a  grounded  wire  will 
lower  this  potential.     The  system  which  we  have  to  consider 
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consists  of  the  transmission  wire  S,  carrying  a  charge  Qj,  the 
grounded  wire  A,  carrying  an  induced  charge  Q2,  and  the  earth 
G,  also  carrying  an  induced  charge.  For  the  purpose  of  calcula- 
tion, the  earth  can  be  considered  as  an  infinite  conducting 
plane,  and  by  Lord  Kelvin's  theory  of  electric  images  the  distri- 
bution of  electricity  induced  on  the  surface  of  the  earth  can  be 
replaced  by  charges  —  Qi  at  C,  which  is  the  image  of  B,  and  —  (2 2 
at  D,  which  is  the  image  of  -4.  Then  we  have  for  the  potential 
of  wire  A 

where  pba,  pae^  etc.,  are  Maxwell's  coefficients  of  potential.  And 
assuming  that  the  diameter  of  the  wries  is  infinitely  small  com- 
pared to  the  distance  between  them,  these  are  given  by  the  ex- 
pression, 

p  =  —  2  log  r 

where  r  is  the  distance  from  the  center  of  one  wire  to  the  center 
of  the  other. 

But  as  the  wire  A  is  grounded  its  potential  Vj  is  zero.     Thus 
putting  V2  =  0  in  equation  (1)  and  solving  for  O2  we  get 
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where  d  is  the  diameter  of  the  wires. 
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Similarly,  we  have  for  V^  the  potential  of  the  transimssion  wire 
B. 

V^i  =  pbbQi  +  patQt-pbcQi-pbdQi 

substituting  for  O^  in  terms  of  Oj,  and  evaluating  we  get 
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V,  =  2Q, 


log 


log-^- 


Assuming  the  ground  wire  not  present  this  becomes: 


T^  =  2().iog-i^ 


SO  we  get  as  the  value  for  the  shielding  effect: 


^i  log  -j^    .    log-,^ 


Taking  the  numerical  value  used  by  Mr.  Mershon,  i.e.,  No.  OO 
wires  12  inches  apart,  and  taking  the  height  above  the  ground  as 
30  feet,  we  get  the  shielding  to  be  25  per  cent.  Taking  what 
perhaps  is  a  more  practical  case.  No.  4  wires  24  inches  apart,  we 
get  the  shielding  to  be  14  per  cent.,  which  is  rather  different  from 
Mr.  Mershon's  result.  , 

But  I  think  that  a  theoretical  discussion  of  this  subject  is  not 
very  much  to  the  point,  because  we  really  know  very  little  about 
the  conditions  in  the  phenomena  which  we  are  discussing.  It  is 
also  extremely  difficult  to  get  any  reliable  practical  information 
as  regards  the  effect  of  the  ground  wire  because  unless  we  do  as 
Mr,  Thomas  has  suggested,  i.e.,  try  a  number  of  transmission  lines 
both  with  and  without  a  ground  wire,  we  cannot  really  get  any 
definite  information.  The  fact  that  one  transmission  line  is 
satisfactory  without  a  ground  wire  and  a  second  one  is  also  satis- 
factory with  a  ground  wire  gives  us  no  really  definite  informa- 

My  own  experience  has  been  confined  to  European  conditions, 
i,e.,  short  mountain  lines  worked  at  5,000  to  10,000  volts.  The 
conditions  under  which  they  work  are  violent  lightning  storms, 
and  heavy  sleet  and  snow  storms  during  certain  seasons  of  the 
year.  The  sleet  and  snow  storms  very  often  bring  down  the 
ground  wire,  producing  a  short  circuit,  and  the  screening  effect  of 
the  ground  wire  does  not  seem  to  be  very  appreciable  in  a  lightning 
storm.  So  that  the  general  opinion  of  operating  engineers  is  that 
the  ground  wire  is  far  more  trouble  than  it  is  worth. 

Mr.  Curtis: — In  this  discussion  I  notice  that  several  gentle- 
men have  referred  to  the  failure  of  telephone  lines  located  above 
power  leads  to  protect  the  latter  from  lightning  or  electrostatic 
induction.  When  we  take  into  consideration  the  fact  that 
modem  telephone  lines  are  composed  of  metallic  circuits  almost 
exclusively  and  are  not  groundel,  I'cir  failure  in  V:/.s  rcs;)ect 
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hardly  seems  strange,  and  further  if  they  actually  do  afford  the 
slightest  shielding  action  it  must  be  accounted  for  by  some  other 
theory  than  that  pertaining  to  grounded  wires.  I  believe  the 
same  statement  is  practically  true  of  telegraph  circuits,  which  are 
rounded  normally  only  at  their  extremities,  which  would  render 
them  ineffective  owing  to  conductor  resistance,  except  for  ex- 
ceedingly short  distances  from  their  terminals.  I  have  known 
long  metallic  telephone  circuits,  with  clear  weather  prevailing 
their  entire  length  and  breadth,  to  give  off  electrostatic  dis- 
charges sufficiently  severe  to  destroy  the  coils  connected  to  them, 
the  current  of  course  seeking  the  shortest  path  to  ground. 

Professor  D.  C.  Jackson  : — The  problem  which  exists  with  re- 
spect to  protecting  a  line  from  sparking  to  ground  or  surrounding 
parts,  no  matter  what  the  cause,  is  to  keep  the  line  as  nearly  as 
possible  at  the  same  electrostatic  potential  as  the  ground.  Now 
undoubtedly  the  grounded  guard  wire  does  something  in  that 
direction,  and  Mr.  Mershon  is  right  in  making  his  computation 
and  saying  that  there  is  some  effect  from  the  guard  wire;  but  on 
the  other  hand,  he  has  not  taken  data  of  such  a  form  and  of  such 
numerical  values  as  to  give  results  that  may  be  considered  to  be 
always  appHcable,  or  adaptable  to  commercial  conditions  in  a 
long  and  important  transmission  line.  For  instance,  the  guard 
wire  in  Mr.  Mershon's  example  is  taken  too  close  to  the  hne  wire, 
and  since  the  protective  effect  is  dependent  upon  the  logarithm, 
as  the  guard  wire  gets  further  away  from  the  line  the  falling  off 
of  the  protection  is  enormously  rapid.  I  therefore  think  Mr. 
Mershon  is  misleading  us  by  taking  his  one  foot  distance;  he  is 
exaggerating  the  effect. 

There  is  another  element  that  Mr.  Mershon  has  omitted,  which 
has  a  great  deal  of  influence.  You  must  bear  in  mind  that  if  one 
has  an  induced  discharge  upon  a  transmission  line  and  guard 
wire  due  to  a  cloud  overhead,  and  that  cloud  discharges  into  a 
cloud  at  some  distance,  or  discharges  to  earth,  there  is  an  almost 
instantaneous  change  of  the  potential  of  the  earth  under  the  line 
at  certain  points  and  also  of  the  atmosphere  surrounding  the 
guard  wire.  The  resistance  of  the  guard  wire,  its  inductance  and 
capacity  enter  to  modify  the  instantaneous  change  of  the  charge 
in  the  guard  wire  itself  and  consequently  the  guard  wire  during 
this  period  (because  of  resistance,  self-inductance  and  capacity), 
is  unable  to  exert  its  full  influence  to  protect  the  line  wire;  and 
Mr.  Mershon  has  omitted  to  introduce  the  effects  of  the  self 
inductance  and  capacity  and  resistance  of  the  guard  wire  and 
its  ground  connections  into  his  formula.  I  think  that  he  has 
omitted  them  because  they  cannot  yet  be  put  in,  for  the  reason 
that  we  do  not  have  a  reasonable  knowledge  of  their  values  under 
the  conditions  and  therefore  have  no  way  of  representing  them 
in  the  fonnulas.  So  I  say  Mr.  Mershon  is  right  in  presenting 
the  matter  as  he  has,  but  he  is  without  question  exaji:gerating  the 
effect  of  the  guard  wires,  and  very  largely  exagj^erati.^g  it,  when 
he  says  that  it  may  be  expected  to  afford  a  protection  of  some- 
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thing  like  70  per  cent.  I  think  if  this  was  taken  at  7  per  cent,  or 
7/10  of  1  per  cent.,  it  perhaps  would  come  nearer  the  truth. 

Mr.  Mershon  : — I  think  that  in  general  I  agree  with  Professor 
Jackson — but  I  would  like  to  take  up  one  or  two  points  in  con- 
nection with  what  he  has  said. 

As  regards  the  theory  of  the  matter,  I  agree  pretty  thoroughly 
with  Professor  Jackson.  I  will  not  commit  myself  too  far,  how- 
ever, in  that  regard.  As  regards  what  Mr.  Waters  has  said,  I 
made  an  assumption  in  treating  this  matter,  on  purpose  to  keep 
the  problem  simple.  I  assumed  that  the  space  potential  at  each 
of  the  two  wires  was  the  same.  I  think  if  the  wires  are  in  the 
same  horizontal  plane  it  is  a  pretty  fair  assumption,  and  this 
is  the  relative  position  which  most  frequently  has  place  in  practice. 

As  regards  the  size  and  distance  between  wires,  I  am  not  so 
very  far  wrong.  If  I  remember  rightly,  the  distance  I  have 
taken  as  between  the  wires  is  exactly  that  which  existed  on  a  line 
on  which  it  was  claimed  the  ground  would  give  very  good  pro- 
tection. The  size,  also,  was  approximately  that  which  I  have 
taken;  for  barbed  wire  was  used  whose  effective  size,  because  of 
the  twisted  strands,  is  considerably  greater  than  a  single  wire 
of  an  equivalent  section.  For  most  cases  in  practice  I  think 
the  figures  I  have  given  furnish  a  fair  sort  of  criterion.  I  have 
purposely  avoided  the  questions  of  oscillatory  effect,  of  self- 
induction  and  all  those  complicated  questions  which  require 
elaborate  assumptions  of  questionable  accuracy. 

It  seems  to  me  that  the  question  of  electromagnetic  action  is 
one  of  amperes  and  frequency,  and  not  of  volts,  as  Mr.  Thomas 
has  stated,  and  it  is  hardly  conceivable  to  me  that  the  currents 
at  the  distances  that  flashes  often  occur  would  be  great  enough 
to  affect  the  line  seriously  from  electromagnetic  action. 

Now,  as  regards  the  position  of  the  cloud,  that  changes  the 
problem  to  some  extent,  but  I  do  not  think  it  changes  it  alto- 
gether. The  shielding  action,  even  if  the  cloud  is  affecting  only 
part  of  the  line,  would  have  place  to  a  considerable  extent. 

As  regards  the  discharge  of  the  atmosphere  itself — suppose  the 
particles  of  air  or  moisture  around  the  wire  are  charged,  isn't  it 
likely  that  the  effect  of  the  inductive  action  due  to  the  great  mass 
of  particles  beyond  the  wire  will  be  considerably  greater  than  that 
of  simple  leakage  from  those  particles  to  the  wire,  if  there  is  such 
a  leakage  effect?  The  flash  between  clouds,  it  seems  to  me, 
does  not  alter  the  problem  so  very  materially.  You  have  the 
effect  there  of  a  redistribution  of  charge,  and  you  still  have  to  a 
considerable  extent  the  shielding  action  of  the  grounded  wire. 

As  regards  the  difference  in  altitude,  I  have  gotten  the  altitude 
effects  in  a  great  many  cases  and  it  never  seemed  to  pie  necessary 
to  explain  them  by  leakage  from  the  atmosphere.  Simply 
because  you  cannot  see  a  cloud,  is  no  proof  that  it  does  not 
exist.  The  cloud  need  not  necessarily  be  a  mass  of  moisture ;  it 
may  be  air  under  some  condition  differing  from  that  of  the  sur- 
rounding air;  so  that  in  considering  a  charged  cloud,  we  sl:ould 
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consider  any  mass,  whether  it  be  moisture  or  whether  it  be  air  of  a 
different  density  from  the  air  around  it,  and  which  might  accumu- 
late a  charge  on  the  surface  of  separation  between  it  and  the 
surrounding  air. 

As  regards  protection  from  electromagnetic  effects,  if  there  are 
any,  the  resistance  of  the  ordinary  grounded  wire  would  be  too 
high,  and  the  self-induction  too  high,  to  furnish  much  protection, 
especially  as  you  cannot  conveniently  ground  the  wire  any 
oftener  than  at  each  pole. 

As  regards  the  gathering  of  data,  the  grounded  wire  is  taken 
up  in  the  lists  which  the  Transmission  Committee  are  sending  out, 
many  of  which  are  coming  back  filled  in.  We  should  be  only  too 
glad  to  get  the  minute  attention  to  the  subject  of  lightning  pro- 
tection, as  well  as  other  points  taken  up  by  these  lists,  that  Mr. 
Hay  ward  advocates,  and  we  shall  certainly  expect  to  get  a  fine 
lot  of  data  from  Mr.  Hayward's  plants. 

Mr.  W.  J.  Hammer: — Last  fall  I  had  the  pleasure  of  spending 
some  days  investigating  the  Valtellina  20,000  volt,  3-phase  Rail- 
road in  Italy  constructed  by  Messrs.  Ganz  &  Co.,  of  Budapest, 
Hungary. 

I  remember  that  one  of  the  methods  of  protection  used  was  a 
drain  pipe  filled  with  water,  which  acted  as  a  water  resistance, 
and  which  was  connected  to  the  wires  and  to  the  ground,  the 
intention  being  that  while  there  would  be  ordinarily  no  leakage, 
when  lightning  passed  over  the  circuit  these  would  act  as  a  pro- 
tective device.  The  main  reliance,  however,  was  placed  on  a 
form  of  lightning  arrester  which  by  its  simplicity  commended 
itself  strongly  to  me.  I  understand  that  since  these  have  been 
put  in  place  no  lightning  has  ever  entered  the  power-house,  and 
it  is  claimed  that  there  is  no  necessity  for  lightning  arresters 
inside  of  the  power-house. 

The  device,  which  was  placed  just  outside  the  power-house, 
consisted  of  three  funnels,  one  attached  to  each  of  the  3-phase 
circuits,  being  supported  by  porcelain  insulators.  Underneath 
each  funnel  is  a  little  spray  of  water  which  is  thrown  up  so  that 
it  is  a  short  distance  from  the  funnel,  but  not  making  contact 
therewith.  Should  any  abnormal  voltage  appear  on  the  line 
due  to  lightning  it  is  carried  off  by  the  jets  of  water. 

Mr.  W.  a.  Blanck: — I  will  state  that  in  most  of  the  Italian 
and  German  high-tension  lines  lightning  arresters  are  used  only 
in  power  stations  and  substations  and  seldom  on  the  line  itself. 
The  use  of  iron  such  as  barbed  wire  along  the  line  for  protection 
of  the  same  from  lightning  has  been  abandoned. 

The  lightning  arresters  mentioned  by  Mr.  Hammer  are  used  on 
the  Valtellina  Railroad  in  northern  Italy  and  consist  of  a  small 
reservoir  which  furnishes  constantly  dripping  water  to  the 
various  wires  of  the  high  tension  system.  The  small  drops  cf 
water  upon  reaching  the  wires  are  charged  and  upon  leaving 
them  carr}'  off  this  charge  and  in  this  way  very  satisfactory 
results  are  obtained. 


1903,]  DISCUSSIOiW  AT  NIAGARA  FALLS,  351 

Mr.  Mershon: — I  would  like  to  hear  from  Dr.  Perrine  and 
some  of  the  other  members  who  have  spoken  of  the  losses  due  to  a 
grounded  wire  as  to  how  that  loss  could  occur  and  as  to  the 
nature  of  it.  Do  they  mean  atmospheric  loss.  It  seems  to  me 
that  with  grounded  wires,  especially  if  the  neutral  of  your  system 
is  grounded  and  you  have  between  the  grounded  wires  and 
the  line  wires  anything  like  the  distance  there  is  between  line 
wires  themselves,  you  will  not  get  much  loss.  For  you  are  then 
concerned  with  a  voltage  a  great  deal  lower  than  that  between 
the  line  wires  and  you  presumably  keep  the  atmospheric  loss 
between  them  pretty  well  down. 

Mr.  Mailloux: — I  want  to  caution  Mr.  Mershon,  in  his 
statement  about  the  loss  due  to  electromagnetic  effect  caused  in 
the  parasitic  circuits,  constituted  by  the  grounded  sections.  He 
says  that  the  resistance  of  these  segments  would  be  a  protection 
against  loss.  I  think  that  there  is  a  certain  resistance  at  which 
that  loss  will  be  the  maximum.  If  we  have  an  infinitely  great 
resistance,  of  course  we  would  have  an  e.m.f.  there,  but  no 
current.  With  an  infinitely  small  resistance  we  would  have  a 
reactance  loop  in  which  you  would  have  a  full  counter  e.m.f. 
effect  and  very  little  loss  excepting  the  small  P  R  loss  necessar\' 
to  keep  the  large  current  flowing;  but  there  is  between  those 
extremes  a  critical  resistance  which  corresponds  to  the  maximum 
loss.  Evidently,  we  only  have  a  differential  e.m.f.  due  to  the 
difference  between  the  electromagnetic  effects  of  the  three  wires. 
If  the  conducting  wire  could  be  placed  in  the  center  of  the 
triangle  perhaps  the  resultant  effect  would  be  negligible  anyway. 

President  Scott: — The  paper  we  will  take  up  now  is:  **  On 
the  Testing  of  Electrical  Apparatus  for  Dielectric  Strength."  by 
P.  H.  Thomas. 


A  paper  presented  at  the  20th  Annual  Convention  of 
the  American  Institute  of  Electrical  Engineers, 
Niagara  Falls,  July  1st,  1903. 


THE  TESTING  OF  ELECTRICAL  APPARATUS  FOR 
DIELECTRIC  STRENGTH. 


BY  P.  H.  THOMAS. 


It  is  evidently  verv'  desirable  before  depending  upon  apparatus 
for  commercial  service,  to  have  assurance  that  it  is  in  proper 
operating  condition  and  also,  where  the  apparatus  is  built  to 
specification,  that  the  specification  has  been  met.  The  only- 
practical  method  of  determining  the  condition  of  the  apparatus 
as  regards  its  insulation  is  by  means  of  over-potential  tests. 
Potential  tests  have  been  used  for  a  nttmber  of  years  and  have  been 
found  to  be  in  general  quite  satisfactory.  However,  in  common 
with  all  types  of  tests  which  depend  upon  the  application  of 
abnormal  strains,  over  potential  tests  have  certain  drawbacks 
and  involve  certain  risks.  A  brief  discussion  of  such  objections, 
especially  in  regard  to  insulation  tests  upon  very  high  tension 
apparatus,  will  be  found  in  the  following  pages. 

(1)  A  disruptive  test  fails  partially  of  its  object  in  testing  the 
fitness  of  the  apparatus  for  actual  service,  because  the  conditions 
of  the  test  do  not  approximate  closely  the  conditions  of  the 
service,  either  normal  or  emergency  conditions. 

(2)  Serious  injury  may  be  done  to  the  insulation  of  the  appar- 
atus by  the  test,  even  under  apparently  favorable  conditions,  so 
that  failure  may  result  afterwards  in  actual  service. 

(3)  In  making  tests  on  finished  apparatus,  it  is  impossible  to 
test  each  portion  of  the  insulation  separately  and  the  result  of 
many  types  and  forms  of  insulation  being  coupled  together,  is 
that  only  that  which  is  weakest  with  regard  to  the  particular 
conditions  existing  at  time  of  test  will  be  tested. 

(4)  In  general,  electrical  apparatus  is  never  in  a  condition  so 
poorly  adapted  to  stand  dielectric  strains  as  when  first  installed. 
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(5)  Insulation  tests  require  special  testing  apparatus  and 
expert  and  experienced  direction  which  are  very  often  not  avail- 
able, and  without  which  great  risk  is  run  in  attempting  such 
tests. 

(6)  As  an  exception  to  the  above  (paragraph  5)  it  is  evident 
that  some  simple  types  of  apparatus,  such  as  insulators,  high 
tension  bus  bar  insulation,  high  tension  series  transformers,  etc., 
may  be  readily  tested  without  great  danger. 

(7)  Fuller  consideration  of  paragraph  (1).  Potential  strains 
upon  dielectrics  cause  effects  of  two  kinds: 

Xa)  A  constant  tendency  to  puncture  the  dielectric,  which  is 
caused  directly  by  the  presence  of  the  potential  and  depends  on 
the  physical  dimensions  and  nature  of  the  dielectric,  and  which 
probably  remains  constant  as  long  as  conditions  are  unchanged ; 
e.g.,  physical  or  chemical  state.  This  strain  is  almost  mechan- 
ical in  its  nature. 

(6)  A  tendency  to  heat  or  produce  chemical  change  in  the 
dielectric,  largely  the  former.  This  heating  also  is  caused  by  the 
voltage  and  is  very  much  more  marked  with  alternating  current 
than  with  direct  current.  Though  comparatively  small  in  actual 
amount,  this  generation  of  heat  is  a  dangerous  thing,  as  it  occurs 
within  the  body  of  the  insulating  material  which  is  x^ually  a 
poor  conductor  of  heat. 

As  insulation  heats  up,  it  becomes  much  less  able  to  withstand 
the  strain  described  in  paragraph  (a)  above,  and,  further,  the  rate 
of  generation  of  heat  within  the  insulation  itself  becomes  much 
greater.  As  a  net  result,  if  insulation  under  strain  once  reaches 
a  sufficiently  high  temperature,  it  is  practically  certain  to  get 
hotter  and  hotter  and  ultimately  to  break  down.  In  other  words 
for  continuous  running  it  is  necessary  that  the  heat  generated  by 
the  potential  in  the  dielectric  be  dissipated  as  fast  as  generated. 
In  tests  of  actual  apparatus,  the  critical  rise  of  temperature  may 
be  reached  in  as  short  a  time  as  one-tenth  of  a  second  in  some 
cases,  or  in  other  cases  perhaps  only  after  a  long  time,  perhaps 
an  hour.  As  long  a  time  as  an  hour  would  be  required  only  in 
lar<^e  bodies  of  insulatini;  material;  e.g.,  in  large  capacity  or  high- 
tension  ai)paratus. 

Different  kinds  of  insulating  material  are  affected  by  the 
strains  described  under  (a)  and  (b)  in  very  different  degrees. 
Gaseous  dielectrics  suffer  substantially  no  heating,  while  solids 
and  liquids  usually  have  their  breaking-down  strength  deter- 
mined bv  this  heat  factor. 
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In  actual  service,  injuries  to  electrical  apparatus  usually 
result  from  overheating,  dirt,  moisture,  chemical  exposure, 
mechanical  injury  or  wear  due  to  vibration  and  occasionally  a 
strain  from  lightning  or  over-potential  stress.  The  latter 
strains,  however,  are  rarely  extremely  severe,  except  as  they  may 
cause  local  concentration  of  potential  in  the  windings  of  appar- 
atus,* as  will  be  discussed  later. 

Thus  the  volage  time  test,  which  is  usually  applied  to  finished 
electric  apparatus,  by  no  means  reproduces  all  the  conditions  of 
actual  service.  On  the  other  hand,  it  is  of  course  true  that 
apparatus  which  will  stand  a  high  disruptive  test  will  usually 
stand  better  in  service,  so  that  such  a  test  is  of  value. 

If  a  high  disruptive  test  is  relied  upon  by  a  purchaser  to 
determine  the  acceptance  of  apparatus  and  to  terminate  responsi- 
bility on  the  part  of  the  manufacturer,  the  latter  will  be  tempted 
to  design  his  insulation  in  such  a  manner  as  best  to  stand  the  dis- 
ruptive test  at  the  sacrifice  of  some  features  more  valuable  for 
preventing  deterioration  in  actual  service.'  This  difficulty  be- 
comes a  very  serious  one  where  unusually  severe  disruptive  tests 
are  specified  in  a  contract. 

(8)  Fuller  consideration  of  paragraph  (2).  With  low-tension 
apparatus,  little  or  no  harm  is  to  be  expected  from  reasonable 
over-potential  tests  carefully  made,  provided  insulation  is  in  good 
condition.  An  exception  should  perhaps  be  made  of  dangers  of 
local  concentration  of  strain  in  high  tension  generators  or  motors 
of  small  size,  as  will  be  explained  later.  The  following  discussion 
applies  to  high  tension  apparatus  chiefly. 

The  amount  of  heat  generated  within  the  body  of  a  dielectric 
increases  at  least  as  fast  as  the  square  of  the  voltage.  Further, 
this  loss,  with  constant  voltage,  may  be  increased  several  times 
by  an  increase  of  100°  C.  in  temperature.  This  means  that  a 
strain  of  double  potential  continued  for  any  length  of  tir.e 
strains  the  solid  insulating  material  far  beyond  any  condition  it 
will  meet  in  service.  Further,  the  abihty  to  stand  the  strain 
will  be  determined  rather  by  the  facility  for  getting  rid  of  tl:e 
heat,  which  is  usually  of  little  consequence  in  commercial  woriv 
than  by  other  features  of  the  insulation  more  desirable  for  actual 
service;  further,  the  hottest  part  of  the  insulation  will  be  inside, 
so  that  the  center  portion  of  the  material  may  be  badly  charred, 
while  the  outer  portion,  the  only  part  visible  to  the  eye,  has  been 
kept  cool  and  appears  uninjured.  This  means  that  very  serious 
injury  to  high  tension  apparatus  may  be  entirely  beyond  the 


366  THOMAS:  DIELECTRIC  STRENGTH.  Quly  1 

possibility  of  detection  until  further  developed  by  actual  service. 

Potential  strains  above  a  certain  critical  point  cause  a  ten- 
dency for  brush  discharge  over  any  insulating  surface.  If  con- 
tinued, this  will  deteriorate  the  insulation  so  that  a  discharge 
may  continue  afterwards  at  a  lower  voltage.  This  effect  will 
occur  even  under  oil,  and,  like  the  internal  heat,  will  not  be 
visible  to  the  eye  until  in  a  very  advanced  stage. 

When  a  coil  is  charged  to  a  high  potential  and  one  end  is  sud- 
denly discharged,  there  is  a  strain  equal  as  a  maximum  to  the 
full  value  of  the  discharge  voltage,  tending  to  cause  the  charge, 
upon  the  turns  of  the  coil  to  jump  to  the  terminal  through  the 
insulation  across  the  turns  rather  than  pass  around  these  turns. 
Since  this  total  "  discharge  voltage  "  may  be  the  abnormal 
voltage  at  which  the  apparatus  is  being  tested  and  since  this 
abnormal  strain  may  be  concentrated  on  a  portion  of  one  coil, 
where  many  coils  are  used  to  withstand  the  normal  voltage  of 
the  circuit,  it  is  evident  that  certain  turns  of  the  coil  (which  lie 
next  to  the  terminal  which  is  being  discharged)  will  receive 
excessive  strain.  The  condition  which  is  essential  to  produce 
this  concentration  is  that  the  discharge  of  the  terminal  of  the  coil 
shall  be  extremely  sudden.  This  can  usually  occur  only  when 
the  terminal  is  discharged  by  a  spark  close  to  the  terminal  itself, 
electrically  speaking,  e.g.:  any  accidental  or  other  discharge 
between  the  wires  used  in  applying  the  test,  or  in  the  apparatus 
itself,  will  tend  to  puncture  insulation  between  turns  at  certain 
points  within  the  winding.  Such  injury  will  oftentimes  not  be 
discovered,  as  the  apparatus  being  tested  is  not  in  a  condition  to 
show  a  short  circuit  when  it  is  not  connected  to  a  generator.  This 
danger  is  very  serious  with  extremely  high  voltages.  Apparatus 
may  be  protected  against  this  strain  by  the  use  of  choke  coils,  or 
high  resistances,  or  static  interrupters  in  the  leads  of  the  appar- 
atus to  be  protected,  provided  no  discharge  occurs  nearer  the 
apparatus  than  the  protective  device.  In  this  connection  it 
should  be  noted  that  if  the  spark  gap  is  used  as  an  auxiliary  to 
measure  the  potential  of  the  test,  satisfactory  means  must 
be  used  to  prevent  a  dischagre  on  the  spark  gap  from  causing 
injury  to  the  apparatus  being  tested. 

The  emphasis  placed  upon  this  particular  phenomenon  is  not 
for  theoretical  reasons  only,  but  because,  in  a  number  of  actual 
cases,  serious  injury  has  resulted  to  apparatus  therefrom.  Fur- 
thermore, such  conditions  have  been  reproduceed  for  purposes 
of  investigation. 
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(9)  Fuller  consideration  of  paragraph  (3). 

In  testing  finished  apparatus,  it  is  manifestly  impracticable  to 
subdivide  the  windings  into  more  than  a  very  limited  number 
of  parts,  e.g, :  in  case  of  the  transformer,  into  more  than  possibly 
four  parts.  When  such  a  portion  is  subjected  to  disruptive  tests, 
a  breakdown  may  evidently  occur  in  a  number  of  ways,  e.g.: 
between  portions  insulated  only  by  air  distances;  over  a  surface 
of  insulating  material,  which  may  be  marble  on  terminal  block, 
fibrous  material  or  possibly  the  surface  of  oil  in  an  oil  insulated 
piece  of  apparatus.  Furthermore,  breakdown  may  occur 
through  solid  material,  which  in  some  places  will  be  well  venti- 
lated and  in  other  places  will  not  be  well  ventilated.  Some- 
times portions  of  this  material  which  in  the  disruptive  test 
receives  full  strain,  may  when  running  in  commercial  service  be 
so  located  as  practically  to  receive  a  very  much  less  strain. 
Such  a  x>omt,  for  instance,  would  be  the  neutral  point  of  a  three 
phase,  star  wound  generator.  It  is  thus  clear  that  if  the  severity 
of  a  test  (as  it  must  necessarily  be)  is  determined  by  the  strength 
of  the  insulation  of  the  weakest  spot  of  these  various  types  and 
qualities  of  insulation,  the  other  parts  will  receive  an  insufficient 
test.  It  may  occur  that  a  portion  of  the  insulation  less  likely 
to  give  trouble  in  subsequent  service  will  be  this  weakest  portion, 
and  will  determine  the  whole  test,  leaving  the  condition  of  the 
other  more  vital  portions  of  the  insulation  insufficiently  tested. 

(10)  Fuller  discussion  of  paragraph  (.">). 

In  tests  made  by  persons  inexperienced  in  such  matters,  there 
is  grave  danger  of  injury  to  apparatus  which  would  not  result 
when  tests  are  properly  made.  Such  difficulty  may  arise  by  the 
use  of  testing  apparatus  having  too  high  an  inductive  factor  or 
field  reaction,  so  that  current  to  the  apparatus  may  either  raise 
the  voltage  beyond  the  usual  ratio  or  so  deform  the  e.m.f.  wave 
as  to  cause  an  excessive  strain ;  or  by  making  tests  when  insula- 
tion is  not  in  good  condition;  or  in  preliminary  trials,  in  allowing 
tests  to  be  on  too  long,  though  perhaps  at  a  slightly  lower  voltage 
than  the  voltage  of  final  test;  or  by  improperly  determining  the 
temperature  of  the  apparatus;  or  in  a  number  of  other  ways 
unnecessary  to  enumerate.  Difficulty  from  this  source  is  by  no 
means  of  rare  occurrence,  and  it  is  very  difficult  to  avoid  in  large 
high  tension  a[)i)aratus. 

(11)  Precautions  to  be'observed  in  testing. 

The  most  imj)ortant  precautions  to  be  observed  in  making 
disruptive  tests  are  here  summarized: 
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(a)  Insulation  of  all  apparatus  to  be  tested  should  be  defin- 
itely known  to  be  thoroughly  dry. 

(6)  All  insulation  surfaces  and  the  apparatus  in  general  should 
be  clean  and  free  from  all  kinds  of  foreign  matter. 

(c)  The  measurement  of  the  insulation  resistance  will  some- 
times give  an  idea  of  the  fitness  of  the  insulation  for  test.  This 
condition  will  usually  be  determined  not  by  the  absolute  value 
of  the  insulation  resistance,  but  by  a  curve  of  the  variation  of 
insulation  resistance  as  the  apparatus  is  being  dried  out.  When 
it  has  been  increasing  for  a  period  and  finally  becomes  steady  with 
steady  temperature,  the  drying  operation  is  probably  fairly 
complete.  Hoivei'cr,  where  air  or  oil  spaces  are  iiiclnded  in  the 
hulk  of  the  insulating  parts,  these  spaces  may  determine  the 
insulation  resistance  so  that  no  indication  is  given  of  the  condi- 
tion of  the  actual  solid  material. 

(d)  Before  applying  a  disruptive  test,  it  should  be  definitely 
determined  that  the  temperature  of  no  part  of  the  apparatus 
to  be  tested  is  above  that  at  which  the  test  is  to  be  made 
remembering  that  tests  of  apparatus  when  hot,  especially  when 
very  hot,  are  extremely  severe. 

(e)  Electrical  apparatus  of  large  capacity,  which  necessarily 
contains  considerable  masses  of  iron  and  copper,  lags  behind  the 
atmosphere  in  temperature  changes,  consequently  when  the 
atmosphere  is  damp  and  warmer  than  the  apparatus,  there  is  a 
tendency  for  the  latter  to  "  sweat  or  condense  moisture  upon 
its  surface.  This  moisture  will  at  least  partially  be  absorbed  by 
the  insulation  material  and  render  the  apparatus  unfit  for  test; 
consequently,  it  is  important  in  unpacking  to  open  the  packing 
case  only  when  the  air  is  cooler  than  the  apparatus.  In  case  of 
oil-insulated  apparatus,  the  insulation  must  be  protected  from 
moisture  when  once  dried  out  until  immersed  ready  for  sercice, 

(/)  The  determination  of  the  high-tension  voltage  actually 
reached  during  test  is  sometimes  a  difficult  matter.  The  things 
to  be  avoided  chiefly  are  the  distortion  of  wave  form  or  the 
change  in  ratio  of  transforming  apparatus,  or  excessive  drop  due 
to  the  use  of  apparatus  for  applying  the  testing  voltage,  which  is 
of  insuuicient  size  to  supply  the  charging  energy  required  by  the 
apparatus  to  be  tested.  This  subject  deserves  a  full  considera- 
tion, but  lias  been  so  fully  discussed  elsewhere  that  further  space 
will  not  be  giyen  here. 

{^)  In  applying  the  potential  of  test  to  apparatus,  the  voltage 
should  not  be  raised  on  the  testing  set  to  full  value  and  then 
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applied  to  the  apparatus,  but  after  being  connected  to  the 
apparatus  should  be  increased  rapidly  by  small  steps,  or  con- 
tinuously from  a  voltage  not  over  one-half  the  final  value.  Also, 
the  voltage  should  be  raised  so  quickly  that  the  time  during 
which  the  last  10  per  cent,  or  20  per  cent,  of  the  voltage  is 
being  applied  will  be  short,  as  compared  with  the  prescribed 
duration  of  the  full  potential  test. 

(h)  To  prevent  local  concentration  of  potential  which  results 
from  any  spark  or  break  down  occurring  near  the  apparatus  to  be 
tested  when  the  latter  contains  coils;  choke-coils,  static  inter- 
rupters, or  resistance  in  series  with  the  terminal  of  the  apparatus 
to  be  tested  may  be  used.  The  result  essential  to  the  avoidance 
of  this  local  strain  is  the  prevention  of  the  strain  caused  by  the 
above  mentioned  breakdown  from  being  transmitted  without 
being  smoothed  out  to  the  windings  under  test. 

Evidently  a  choke  coil  in  the  lead  of  the  apparatus  will  allow 
a  change  of  potential  to  pass  through  it  only  slowly  and  if  this 
coil  be  made  to  have  several  times  the  choking  effect  of  the 
smallest  portion  of  the  winding  to  be  protected  (next  the  ter- 
minal) which  is  considered  to  be  able  to  stand  the  voltage  of  the 
test  momentarily,  the  necessary'  protection  will  be  obtained.  It 
would  seem  that  a  resistance  in  the  place  of  the  choke-coil  would 
serve  the  same  purpose  and  in  a  measure  it  undoubtedly  will. 
However,  since  the  resistance  does  not  absorb  voltage  until  after 
considerable  current  strength  has  been  attained,  it  is  not  as  well 
adapted  to  protect  from  sudden  changes  of  potential  as  the  choke- 
coil.  The  static  interrupter  being  merely  a  choke-coil  whose 
power  is  increased  by  the  use  of  the  condenser,  will  act  in  the 
same  manner  as  the  choke-coil  described  above.  Usually, 
however,  except  where  static  interrupters  are  provided  for  other 
purposes,  the  choke-coil  will  be  found  more  convenient. 

(12)  No  complete  recommendations  are  here  made  for  speci- 
fications for  testing  apparatus  for  dielectric  strength,  but  a  few 
suggestions  will  be  offered  on  topics  in  which  there  is  probably 
a  considerable  diversity  of  opinion. 

(a)  In  high-tension  apparatus,  e.g.:  20,000  volts  and  above, 
only  moderate,  short  time,  over  voltage  tests  should  be  specified 
in  contracts. 

(b)  Such  tests  should  be  made  once  for  all  when  the  apparatus 
is  known  to  be  in  good  condition,  preferably  at  the  factory,  by 
experts,  to  give  assurance  that  the  specification  has  been  met. 
Such  tests  should  not  be  made  a  second  time. 
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(c)  After  installation,  a  considerably  lesser  test  should  be  made 
upon  the  apparatus,  which  will  detect  any  serious  injur>^  in 
transportation  and  installation.  Any  moderate  deterioration 
due  to  absorption  of  moisture,  etc.,  will  right  itself  with  service, 
provided  no  abnormal  deterioration  has  occurred. 

(d)  It  is  preferable  to  make  high  potential  tests  by  increasing 
the  voltage  upon  the  apparatus  as  it  is  designed  to  operate,  one 
terminal  at  a  time  remaining  grounded,  rather  than  making  a 
high  breakdown  test  by  voltage  from  an  external  source. 

(e)  On  tests  uf  very  high-tension  apparatus,  such  as  generators 
and  transformers,  no  breakdown  gap  should  be  used  in  connection 
with  the  determination  of  voltage.  Any  error  in  the  voltage  of 
test,  provided  precautions  as  to  the  proper  size  of  testing  appar- 
atus are  used,  will  be  comparatively  unimportant.  In  some 
cases  the  voltage  of  the  testing  device  may  be  determined  by 
m^ans  of  a  spark-gap  before  the  apparatus  to  be  tested  is  con- 
nected to  the  circuit. 

It  must  be  borne  in  mind  that  in  the  above  discussion  only 
the  objections  to  over-potential  tests  and  the  dangers  to  appar- 
atus involved,  have  been  considered;  and  that  it  is  not  recom- 
mended that  disruptive  tests  be  abolished.  Such  tests  may  be 
and  regularly  are  made  successfully  and  are  very  desirable  to 
insure  good  insulation  in  electric  apparatus  and  to  determine 
the  fulfilment  of  specifications.  The  point  it  is  desired  to 
emphasize  is  that  great  care  should  be  taken  to  avoid  injury  to 
apparatus  and  that  excessively  severe  tests,  especially  long-time 
tests  at  high  potential  should  be  avoided. 
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Mr.  L.  a.  Hawkins: — In  regard  to  the  use  of  choke  coils  for 
protective  purposes  in  the  leads  between  the  testing  set  and  the 
apparatus,  although  such  coils  are  of  value  in  preventing  a 
destructive  rush  of  current  in  case  of  the  breaking  down  of  the 
insulation  of  the  apparatus,  I  do  not  think  that  their  value  is 
great  as  far  as  discharges  outside  of  the  apparatus  are  concerned. 
The  testing  set  and  the  leads  should  be  installed  so  that  there 
can  be  no  danger  of  an  accidental  discharge  due  to  the  breaking 
of  the  insulation  of  the  testing  set  or  leads.  Consequently, 
unless  a  spark  gap  is  used,  there  could  be  no  discharges  outside 
of  the  apparatus  itself,  in  which  case  the  choke  coils  would  furnish 
no  protection  beyond  that  furnished  by  resistance  in  preventing 
destructive  current  flow  in  case  of  a  breakdown  of  the  apparatus. 
I  believe  that  the  best  protection  against  puncturing  of  the 
insulation  due  to  sudden  discharge  lies  in  sub-dividing  the  wind- 
ing as  much  as  possible  and  short  circuiting  the  subdivisions  by 
connecting  both  ends  of  each-subdivision  to  the  lead  of  the  testing 
set. 

I  do  not  consider  of  much  importance  the  objection  raised  in 
the  paper  that  the  weakest  point  is  the  only  one  tested.  In  prac- 
tice it  is  the  weakest  point  alone  that  is  of  importance.  If  that  is 
strong  enough  to  stand,  the  rest  will  take  care  of  itself.  Even  in 
such  cases  as  that  cited,  as  in  the  coils  adjacent  to  the  neutral 
point  in  a  three-phase  grounded  generator  or  transformer  system, 
I  believe  that  all  the  insulation  should  receive  the  full  high- 
voltage  test,  for  although  under  normal  conditions  the  insulation 
of  the  parts  near  to  the  neutral  point  are  subject  to  no  high- 
voltage  strain,  nevertheless  changing  conditions  of  operation  may 
necessitate  a  change  in  the  connection  of  the  apparatus,  so  that 
the  part  that  v/as  formerly  at  ground  potential  may  receive  the 
full  line  voltage. 

As  to  the  dangers  introduced  by  the  changes  in  voltage  and 
wave-form  in  the  testing  set  caused  by  the  charging  current,  I 
believe  that  the  best  precaution  is  in  employing  a  testing  set  of 
sufficient  size  relative  to  that  of  the  apparatus  to  be  tested,  so 
that  the  charging  current  can  have  little  effect  on  voltage  or  wave 
form. 

I  thoroughly  agree  with  the  statement  that  on  tests  of  very 
high-tension  apparatus  no  spark-gap  should  be  used  in  connection 
with  the  determination  of  the  voltage.  I  believe  that  the  use  of 
a  Sj^ark-gap  introduces  danger  to  the  apparatus  and  inaccuracy 
in  the  results  of  the  test.  Especially  when  oil  insulation  is  em- 
ployed, if  the  apparatus  starts  to  break,  the  spark-gap  will  usually 
break  simultaneously  and  will  maintain  the  arc,  while  the  oil 
closes  the  break  in  the  apparatus  and  stops  it  almost  instantane- 
ously. Consequently,  without  very  close  inspection  the  oricrinal 
kick  through  the  oil  will  pass  unnoticed  and  the  apparatus  will 
appear  to  have  withstood  a  potential  as  measured  by  the  gap 
considerably  higher  than  the  actual  impressed  voltage  under 
which  it  really  broke  down.     On  the  other  hand,  when  the  s])ark- 
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gap  breaks  first  it  introduces  danger  to  the  apparatus  due  to  the 
sudden  rise  in  voltage  as  pointed  out  in  the  paper.  If  testing 
apparatus  of  sufficient  capacity  is  used,  the  ratio  of  transforma- 
tion can  safely  be  relied  upon,  especially  since  this  may  be 
checked  up  before  the  actual  test,  under  different  conditions  by 
means  of  the  spark-gap. 

Mr.  M.  H.  Gerry.  Jr.: — Tests  of  apparatus  for  dielectric 
strength,  as  well  as  for  any  other  purpose,  should  be  made  under 
conditions  approximating  at  least  those  of  actual  service.  It  is 
useless,  and  may  be  positively  harmful,  to  make  strength  tests 
under  conditions  differing  widely  from  those  under  which  the 
apparatus  will  actually  operate. 

There  can  be  no  objection  to  testing  under  any  conditions, 
samples  of  insulation  which  fairly  represent  the  material  as  a 
whole,  used  in  the  construction.  If  anything,  there  should  be 
more  of  such  tests,  and  less  testing  under  severe  strains  of  the 
finished  product.  We  do  not  think  of  testing  a  steel  structure  as 
a  whole  up  to  the  elastic  limit  of  the  material,  but  rather  we 
confine  such  tests  to  samples  representing  the  whole,  and  after 
determining  the  characteristics,  we  ascertain  from  the  dimensions 
of  the  various  parts  of  the  structure,  whether  it  is  safe  as  a  whole, 
and  conforms  to  the  requirements. 

It  may  be  urged  that  we  possess  a  lesser  knowledge  of  the 
strength  of  insulating  materials  than  of  the  physical  qualities  of 
Tfiaterials  of  engineering  construction.  I  doubt  if  this  be  a  fact 
at  the  present  day.  Insulating  materials  possessing  a  very  fair 
uniformity  of  strength  may  be  obtained;  samples  having  been 
tested  to  determine  the  dielectric  strength,  and  the  heating  mder 
continuously  applied  strain,  etc.,  it  is  possible,  allowing  a  proper 
factor  of  safety,  to  predetermine  the  amount  of  insulation 
required,  with  practically  the  same  accuracy  as  the  strength 
of  .the  materials  in  most  engineering  structures.  It  then  becomes 
a  matter  of  inspection  to  see  that  the  required  amounts  of  insula- 
tion are  applied  in  the  course  of  construction. 

Reasonable  insulation  tests  of  finished  apparatus,  under  condi- 
tions approximating  those  of  service,  are  of  course  of  some  value 
in  detecting  serious  errors  in  construction,  but  they  are  by  no 
means  conclusive  evidence  that  the  apparatus  meets  all  require- 
ments. 

Mr.  Thomas'  remarks  in  reference  to  the  effect  of  temperature 
on  insulating  material  are  worthy  of  most  careful  consideration. 
In  this  connection  it  should  be  pointed  out  that  insulation  may 
deteriorate  after  leaving  the  factory,  due  either  to  continued 
heating  at  operating  temperatures,  to  chemical  change,  to  the 
absorption  of  moisture,  or  to  other  causes.  Insulation  designed 
to  withstand  very  high  dielectric  strain,  especially  if  intended  to 
operate  under  oil,  should  be  carefully  handled  and  protected  in 
shipment.  As  mentioned  by  Mr.  Thomas,  large  masses  of 
material  such  as  transformer  cores,  have  a  temperature  lag, 
which  tends  to  condense  moisture  under  some  conditions.     This 
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is  a  matter  of  importance  especially  in  connection  with  the  ship- 
ment of  large  high-tension  transformers. 

Mr.  Peck: — I  believe  that  apparatus  should  be  tested  under 
conditions  which  approximate  as  nearly  as  possible  the  actual 
operating  conditions.  Mr.  Thomas  advises  the  protection  of 
apparatus  under  test  by  means  of  choke-coils  or  resistances 
inserted  in  the  high-tension  leads  or  in  series  with  the  spark  gap 
where  it  is  used  for  measuring  voltage.  These  precautions  are 
taken  to  prevent  an  abnormal  concentration  of  voltage  upon  a 
few  turns  or  layers  of  the  winding  when  a  sudden  ground  occurs 
or  a  spark-gap  breaks  down.  If  the  apparatus  while  in  service  is 
to  be  protected  by  choke-coils  or  static  interrupters,  then  it 
should  be  similarly  protected  during  test;  but  if  the  apparatus 
is  not  to  be  so  protected  in  service,  it  may  be  questioned  whether 
it  is  legitimate  to  apply  such  protection  during  the  test. 

Mr.  Thomas  also  advises  a  high  test  on  apparatus  before  it  is 
shipped,  and  a  lower  test  after  it  is  installed.  The  reason  for 
this  is  that  the  insulation  just  after  the  apparatus  is  installed  is 
in  a  weak  condition  due  to  the  absorption  of  moisture  during 
transit,  and  is  not  therefore  in  a  condition  to  withstand  severe 
tests. 

The  objection  to  this  is  that  while  the  insulation  is  in  bad  condi- 
tion, an  excessive  strain  may  occur  and  damage  the  apparatus. 
In  fact,  just  after  a  plant  has  been  installed  when  everything  is 
new,  and  the  men  not  accustomed  to  the  methods  of  handling  the 
apparatus,  and  the  line  has  not  been  thoroughly  tested,  excessive 
strains  are  particularly  liable  to  occur. 

For  these  reasons  it  is  my  opinion  that  whether  the  apparatus 
is  to  be  tested  after  installation  or  not,  every  precaution  should 
be  taken  to  put  it  into  the  best  possible  condition  before  it  is 
placed  in  service. 

Mr.  Stott: — In  regard  to  the  testing  of  electrical  appar- 
atus, I  think  that  the  tendency  of  this  paper  is  to  discourage 
such  things.  Xow,  on  what  are  we  to  depend  for  our  factor 
of  safety  without  an  over-potential  test.  In  all  structural 
material  for  mechanical  pur})0ses  we  insist  upon  strength  and 
we  also  insist  upon  a  factor  of  safety  ranging  all  the  way  from 
three  to  ten.  Xow,  if  we  simply  accept  apj)aratus  to  run  on 
normal  voltage,  we  have  absolutely  no  factor  of  safety  protection. 
There  may  be  one  there,  but  we  do  not  know  it.  There  may  be 
weak  points  developed  and  it  is  very  much  easier  to  take  care  of 
a  breakdown  of  insulation  on  a  test  tlian  it  is  in  actual  0]>cration 
when  you  have  a  great  many  thousand  kilowatts  ready  to  burn 
it  up.  I  think  the  tendency  to  discourai^e  tests  is  distinctlv 
against  the  best  interests  of  the  operatinj^  companies  at  all 
events,  and  therefore  against  the  best  interests  of  the  manufac- 
turer. Of  course,  there  is  a  limit  of  safety  beyond  which  a  test 
should  not  be  pressed,  and  that  is  a  ditficuit  point  to  decide,  just 
what  is  that  limit.  I  would  say  it  should  be  r)0  per  cent,  over- 
potential,  100  per  cent,  or  300  per  cent.- -the  conditions  will 
probably  dictate  just  what  that  over-potential  should  be. 
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P.  oference  nas  been  made  to  moisture  on  insulation.  I  presume 
that  refers  more  particularly  to  armature  insulation.  I  have  been 
working  on  some  experiments  recently  on  that  subject,  as  far  as 
surface  leakage  goes,  and  the  experiment  was  carried  on  sofne- 
thing  after  this  style:  A  creeping  surface  amounting  to  about 
4  J  inches  of  insulation  was  established  and  the  test  used  in  an 
atmosphere  of  steam — simple  atmospheric  pressure  saturated 
steam — and  that  steam  had  apparently  no  influence  whatever 
upon  the  surface  leakage.  The  only  thing  that  had  any  influence 
was  the  presence  of  dirt  of  any  description.  So  long  as  the  insu- 
lation was  absolutely  clean,  we  went  up  from  40,000  volts  on  a 
4  V  inch  surface,  and  had  no  effect  whatever.  So  that  I  think  that 
that  statement  as  to  moisture  should  be  quahfied  a  little.  The 
moment  dirt  of  any  description  was  introduced  on  the  surface, 
such  as  particles  of  oil  or  carbon  dust,  or  particles  of  dust  and  oil 
floating  in  the  air,  then  the  insulation  broke  down  immediately 
in  the  presence  of  moisture. 

Mr.  Lincoln: — Mr.  Stott  makes  the  analogy  between  the 
testing  of  mechanical  apparatus  and  the  testing  of  electrical 
apparatus,  which  I  think  hardly  holds.  When  you  test  appar- 
atus for  physical  properties — iron,  for  instance — take  a  test  piece 
out  of  each  cast  or  from  whatever  it  is  desired  to  test,  put  it  into 
the  testing  machine  and  break  it.  If  that  method  were  followed 
in  testing  electrical  apparatus  it  would  meet  the  approval  of  the 
manufacturers;  to  take  a  sample  of  the  insulation,  put  it  into  the 
machine  and  test  its  insulating  quaHties.  But  when  Mr.  Stott 
buys  a  dynamo  he  doesn't  strain  the  bed  plate  until  he  breaks  it. 
That  is  somewhat  analogous  to  the  over-voltage  strain  on  the 
insulation  of  a  dynamo. 

.  Mr.  Stott: — I  did  not  mean  to  apply  a  strain  to  break  down 
insulation,  but  a  testing  strain  that  would  guarantee  that  there 
was  a  factor  of  safety  in  that  material. 

Mr.  Lincoln: — The  tested  part  would  determine  that,  it 
seems  to  me. 

Mr.  Stott: — It  would  not  determine  the  workmanship,  how- 
ever. 

Mr.  Gano  S.  Dunn  : — In  the  latter  case  the  test  of  insulation  on 
the  armature  is  as  much  to  determine  whether  the  proper  thick- 
ness of  insulation  is  present  as  to  determine  whether  that  insu- 
lation, being  present,  is  of  the  proper  strength.  (Quality  of  in- 
sulation can  be  supervised  but  quantity  at  ever\'  point  not  so 
easily.)  Therefore,  I  side  with  Mr.  Stott  in  feeling  that  a  certain 
degree  of  high  potential  test  is  necessary. 

Mr.  Thomas:  —Gentlemen,  if  you  will  read  the  last  paragraph 
of  my  paper  you  will  find  that  I  do  not  recommand  abolishing 
high-tension  tests.  I  distinctly  recommend  them,  only  that 
they  be  made  reasonable. 

Mr.  W.  L.  Waters:--  When  the  insulation  is  designed  for 
anv  hisT^h -tension  windini(,  the  engineer  who  designs  it  knows,  or 
should  know,  at  what  voltage  that  insulation  will  break  'lown. 
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assuming  that  it  is  tried  and  that  it  is  in  perfect  condition  me- 
chanically. What  he  wishes  to  test  for  afterwards  is  to  find  out 
whether  the  insulation  was  damaged  during  manufacture  or 
during  transit. 

The  usual  experience  in  the  testing  room  is  that  if  the  insula- 
tion of  a  machine  is  going  to  break  down  on  the  high  voltage  test, 
it  will  do  so  during  the  first  few  seconds  during  which  the  high 
potential  is  applied.  The  reason  for  this  is  that  if  the  insulation 
is  damaged  at  all,  it  is  usually  totally  ruined  in  certain  places,  so 
that  it  breaks  down  almost  as  soon  as  the  high  potential  is 
appHed.  So  I  think  that  a  more  satisfactory  test  than  the  one- 
minute  double- voltage  test  usually  given  would  be  a  considerably 
higher  voltage  for  a  much  shorter  period.  Take,  for  instance,  a 
20,000  volt  transformer;  the  insulation  of  this  transformer,  if  in 
perfect  condition,  would  probably  stand  80,000  volts  for  several 
minutes.  The  testing  room  high  potential  test  I  would  suggest 
in  such  a  transformer  would  be  50,000  volts  for  ten  seconds. 

When  the  machine  is  installed  and  is  just  going  to  be  put  into 
operation,  it  is  to  be  tested  again  to  see  if  it  has  got  damaged 
during  transit.  Then  I  think  a  much  lower  voltage  test,  say  a 
high  potential  test  at  50  per  cent.,  above  the  operating  voltage 
and  an  insulation  test,  would  usually  be  conclusive  as  to  whether 
or  not  the  insulation  was  in  satisfactory  condition. 

Mr.  C.  E.  Skinner: — In  regard  to  the  duration  of  test  for 
the  determination  of  whether  the  contract  is  fulfiled  or  not,  I 
think  the  recommendation  of  the  Standardization  Committee  is 
quite  fair  both  to  the  manufacturer  and  to  the  customer.  Their 
recommendation  is  for  a  test  of  double  the  potential  at  which  the 
apparatus  is  to  be  used,  applied  for  one  minute.  Longer  tests 
are  liable  to  cause  trouble,  as  stated  by  Mr.  Thomas,  and  the 
manufacturer  usually  makes  his  own  tests  higher  to  determine 
whether  or  not  he  has  succeeded  in  carrying  out  his  designs  to 
his  own  satisfaction. 

Mr.  Thomas  has  perhaps  given  the  impression  that  a  great  deal 
of  caution  is  necessary.  Caution  is  necessary,  particularly  with 
very  high  potential  tests,  but  I  feel  that  such  tests  should  be 
carried  out  on  all  apparatus. 

In  regard  to  the  method  of  application  of  the  voltage,  I  think 
this  might  properly  come  up  under  Mr.  Thomas'  paper  and  very 
little  is  said  about  this  matter. 

There  are  three  principal  methods  which  are  in  use:  The  static 
voltmeter  in  the  high-tension  circuit;  the  direct  reading  volt- 
meter used  with  a  multiplier;  and  the  ratio  of  transformation 
measuring  the  voltage  on  the  low-tension  side.  The  spark-gap  is 
recommended  by  the  Institute,  but  I  agree  with  a  former 
speaker  that  it  is  an  unsatisfactory  and  dangerous  method. 

Theoretically  the  static  voltmeter  in  the  high-tension  circuit  is 
the  best,  but  it  is  difficult  to  obtain  an  entirely  satisfactor>'  static 
voltmeter.  The  use  of  a  multiplier  in  connection  with  a  direct 
reading  voltmeter  is  open  to  the  objection  of  large  consumption  of 
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power  on  very  high  voltages  and  the  difficulty  of  building  and 
maintaining  the  necessary  series  resistance. 

With  large  testing  transfoniiers  the  ratio  of  conversion  is  in 
most  cases  adequate  for  the  purpose.  There  may  be  a  slight  rise 
of  potential  when  the  static  capacity  is  considerable,  but  this  is 
not  of  very  great  consequence.  The  amount  is  not  sufficient 
usuall}  to  cause  any  particular  damage,  as  the  apparatus  must 
have  a  strength  considerably  above  the  contract  test  in  order 
to  pass  either  without  giving  trouble. 

In  regard  to  applying  the  voltage,  it  is  sufficient  on  low-tension 
apparatus,  say,  tests  up  to  six,  eight  or  ten  thousand  volts,  to 
simply  switch  in  the  potential  at  which  the  test  is  made.  There 
will  be  a  rise  of  the  e.m.f.  across  the  testing  terminals,  but  the 
factor  of  safety,  if  you  may  call  it  such,  will  be  sufficient,  or 
should  be  sufficient  to  stand  this  rise;  and  where  hundreds  and 
even  thousands  of  tests  are  made  every  day,  as  they  are  in  the 
large  factories,  it  becomes  quite  a  serious  loss  of  time,  in  making 
the  tests,  if  considerable  time  is  taken  to  bring  up  the  voltage. 
For  the  higher  potentials,  it  is  necessary  to  raise  the  potential 
gradually,  and  there  are  various  schemes  for  doing  this.  One 
of  the  best  is  to  have  control  of  the  generator.  That  is  not 
always  possible.  Where  we  are  obliged  to  make  the  test  from  a 
constant  potential  system,  then  it  is  necessary  to  introduce  some- 
thing in  the  nature  of  water  resistance  or  of  a  step-by-step 
method,  using  very  small  steps.  Where  the  capacity  of  the 
apparatus  to  be  tested  is  quite  small,  such  as  insulators  or  small 
sets  of  cable,  steps  as  large  as  5  per  cent,  do  not  seem  to  be  ob- 
jectionable. Where  the  static  capacity  of  the  apparatus  under 
test  is  large  the  sleeps  must  be  smaller  to  prevent  surges  in  the 
testing  circuit. 

Mr.  Mershon: — I  thoroughly  agree  with  what  Mr.  Peck 
and  Mr.  Skinner  have  said.  I  have  no  love  for  what  might 
be  ternied  an  **  egg-shell  "  transformer.  It  seems  to  me  that 
we  want  something  that  is  going  to  stand  a  little  rough  knocking 
about.  If  we  have  to  handle  40,000  and  50,000  volt  trans- 
formers so  gently,  what  is  going  to  happen  when  we  get  up  to 
the  voltages  that  are  being  talked  about  100,000,  perhaps? 

As  regards  the  question  of  injury  to  the  apparatus  under  test, 
at,  for  instance,  double  potential  test  for  a  minute.  The  problem 
is  simply  this,  that  we  want  to  get  apparatus  which  will  meet  and 
withstand  the  conditions  of  practical  operation.  Now  we  cannot 
state  accurately  and  explicitly  what  those  conditions  are.  There- 
fore, we  cannot  formulate  explicitly  any  tests  which  will  show 
whether  or  not  the  apparatus  will  meet  them.  The  best  we  can 
do  is  to  adopt  tests  which,  in  the  light  of  experience,  will  probably 
come  somewhere  near  telling  us  whether  the  apparatus  is  going 
to  meet  the  practical  conditions.  It  seems  to  me  that  a  double 
potential  for  one  minute  is  not  any  too  high,  and  I  can  tell  you 
that  it  is  very  comfortable  to  know,  under  some  conditions  that 
obtain  on  transmission  lines,  that  your  transformers  have  stood 
such  a  test. 
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In  regard  to  when  and  where  the  test  shall  be  made,  I  want  to 
emphasize  what  Mr.  Peck  says.  It  seems  to  me  that  the  test 
should  be  made  after  the  installation  of  the  apparatus.  We 
want  apparatus  that  is  going  to  stand  the  conditions  to  which  it 
is  subjected  after  it  is  installed. 

The  stand  taken  by  Mr.  Peck  regarding  the  improvement  in 
the  condition  of.  the  apparatus  after  installation,  I  agree  with 
entirely.  Presumably  the  manufacturer  gets  his  apparatus  in 
the  best  possible  condition  before  it  is  tested.  It  is  not  fair  that 
the  severity  of  the  test  should  be  reduced  in  any  way  because 
the  condition  of  the  apparatus. is  going  to  improve  with  time, 
when  in  the  meantime  the  apparatus  may  be  damaged  by  light - 
nmg  or  other  disturbances  on  the  line,  and  the  burden  of  that  loss 
fall  upon  the  purchaser. 

Mr.  Dunn: — What  we  need  to  solve  a  good  many  of  these 
questions  is  data  on  the  relMion  between  the  elastic  limit  of 
insulating  materials  and  their  ultimate  break-down  point,  just 
as  we  have  that  data  for  mechanical  properties  of  various  mate- 
rials. To  refer  to  the  case  mentioned  by  Mr.  Lincoln,  I  think 
it  would  be  good  engineering  for  Mr.  Stott  to  try  to  break  the 
suspected  base  of  the  generator  with  a  reasonable  excess  of 
strain  over  what  it  was  expected  to  stand  regularly. 

Insulation  testing  is  of  two  kinds.  One,  as  I  said  before,  to 
determine  whether  the  insulation  is  present.  This  is  necessary 
even  if  a  manufacturer  is  honest,  because  in  putting  conductors 
into  slots  and  wires  around  cores,  considerable  mechanical 
pressure  and  hammering  has  to  be  used,  which  is  liable  to  break 
the  insulation  or  subject  it  to  such  pressure  that  its  properties  are 
injured.  The  other  kind  of  testing  is  to  determine  whether 
insulation  which  we  believe  present  is  good.  In  this  test  we 
apply  a  stress  that  is  above  the  elastic  limit.  If  we  could  deter- 
mine that  the  elastic  limit  of  the  insulation  was  say  one-third  of 
the  ultimate  Hmit,  it  would  be  proper  for  us  to  use  a  high  potential 
test  within  the  former  limit.  The  stresses  we  put  on  apparatus 
in  factory  tests  now  are  above  that  limit,  and  we  keep  them  on 
but  a  short  time  in  order  not  to  damage  the  insulation  too  much. 
Such  tests,  I  think,  are  bad.  If  one  of  the  results  of  this  dis- 
cussion were  the  collection  of  data  on  elastic  limits,  it  would  be 
of  great  benefit. 

Professor  Langsdorf: — There  is  another  kind  of  test, 
which  so  far  as  I  know  has  never  been  applied  to  insulating 
material.  It  is  analogous  to  those  which  are  made  upon  metal, 
and  recently  upon  cement,  to  determine  the  effect  of  fatigue. 
I  have  recently  seen  a  curve  which  was  made  from  the  re- 
sults of  tests  of  this  nature  on  cement  that  looks  something 
like  this  (indicating);  the  number  of  repetitions  necessary  to 
produce  failure  are  plotted  as  abscissae,  and  percentages  of  the 
normal  breaking  load  as  ordinates.  The  curve  is  apparently 
logarithmic  and  approaches  an  asymptote  passing  approximately 
through  the  50  per  cent,  division  on  the  scale  of  ordinates;  this 
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would  mean  that  the  factor  of  safety  as  ordinarily  understood  is 
only  half  the  assumed  value ;  so  that  if  tests  of  this  nature  could 
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be  made  on  insulators  we  might  get  a  little  more  light  upon  the 
value  of  the  factor  of  safety. 

Mr.  Henry  Pikler: — ^When  we  are  testing  electrical  appar- 
atus we  assume  a  sine  wav**  e.m.f.  This  is  true  as  long  as  the 
step-up  transformer  is  directly  connected  to  the  terminals  of 
the  generator  which  furnishes  the  sine  wave  high  voltage,  but  as 
soon  as  we  use  resistances  in  series  with  the  transformer  in  order 
to  control  its  terminal  voltage  the  wave-shape  of  the  e.m.f. 
changes.  You  know  very  well  that  the  hysteresis,  or  more 
correctly,  the  change  in  the  permeability  during  one  cycle  of 
magnetism  distorts  the  wave-shape  of  the  magnetizing  current; 
but  if  we  have  it  in  the  circuit  besides  the  transformer,  a  series 
ohmic  resistance,  then  this  will  cause  the  distorted  current  to 
change  again  to  a  sine  wave.  And  when  a  sine  wave  current 
excites  the  transformer,  its  induced  e.m.f.  will  be  no  longer  a 
sine  wave  but  a  highly  peaked  wave,  and  we  subject  the  tested 
apparatus  to  a  voltage  which  is  perhaps  20  per  cent,  higher 
than  we  are  calculating  on.  I  made  some  experiments  in  this 
regard,  and  I  found  that  the  more  the  energy  consumed  by  the 
ohmic  resistance  comparatively  to  the  energy  consumed  by 
hysteresis  in  the  transformer,  the  less  will  be  the  distortion  of 
the  current  wave,  it  will  become  more  and  more  sinusoidal.  But 
if  the  transformers  get  a  sinusoidal  magnetizing  current,  its 
induced  e.m.f.  wave  will  be  distorted,  assuming  as  a  limit  a 
perfect  sine  wave  shaped  exciting  current.  The  induced  e.m.f. 
wave  of  the  transformer  will  have  exactly  the  same  shape  as  the 
exciting  current  curve  has,  when  the  current  drawn  from  the 
sine  wave  generator  is  only  that  due  to  the  transformer,  the 
secondary  of  which  is  open. 

It  has  been  suggested  that  we  should  know  the  relations  be- 
tween the  ultimate  strength  and  the  elastic  limit  in  insulating 
materials.  The  insulation  engineer  has  a  very  difficult  problem 
to  handle.  With  low  voltages  it  is  fairly  simple;  but  when  we 
get  up  to  the  higher  voltages,  there  arises  a  new  order  of  affairs. 
One  of  the  things  to  guard  against  [jarticularly  is  that  we  do  not 
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encounter  unawares  a  new  kind  of  phenomenon.  For  example, 
when  we  test  at  two  or  three  times  normal  voltage,  we  are  simply- 
endeavoring  to  determine  the  breaking  down  strength.  Some 
new  phenomenon  like  dielectric  hysteresis  may  conle  in  to 
produce  heating,  or  in  suddenly  applying  the  voltage  for  test 
there  may  be  some  sudden  rise  of  voltage  which  was  not  antici- 
pated. It  is  things  of  this  kind,  these  incidental  and  unexpected 
things,  which  we  must  guard  against  particularly. 

Mr.  Thomas: — I  will  take  only  a  moment  or  two.  The 
building  and  testing  of  high-tension  apparatus,  transformers 
or  generators,  is  an  extremely  intricate  and  complicated  problem, 
and  no  person  who  has  not  worked  on  a  design  and  used  such 
material  can  have  any  real  appreciation  of  the  difficulties  in- 
volved. These  criticisms  and  recommendations,  if  we  may  call 
them  such,  which  I  have  drawn  up  here,  are  based  on  a  very  long 
line  of  experience,  tests,  actual  apparatus  troubles,  and  repre- 
sent a  very  careful  consideration  of  all  the  data. 

Mr.  Peck  began  by  calling  attention  to  the  fact  that  the 
apparatus  is  likely  to  get  strains  on  layers  near  the  terminals  of 
the  transformers  during  the  early  testing  of  the  line  and  that  tests 
ought  to  be  made  in  apparatus  purposely  to  apply  these  strains. 
This  would  certainly  be  very  desirable  on  the  face  of  it,  and  is 
desirable  if  it  can  be  carried  out  practically.  But  this  great 
difficulty  is  met;  Suppose  you  make  the  test  and  our  trans- 
former fails  to  stand  it.  You  can't  always  know  the  fact.  A 
spark  occurs  between  two  layers  inside  somewhere,  and  since  the 
apparatus  is,  in  all  probability,  not  in  a  position  to  be  supplied 
with  generator  current  to  the  full  capacity  of  the  system,  your 
insulation  is  punctured,  the  spark  passes  and  ceases,  stops,  and 
you  think  the  transformer  is  all  right.  You  go  ahead  and  a 
little  later  a  strain  of  much  less  magnitude  comes  along  and 
when  conditions  are  favorable  for  that  fault  to  be  developed,  and 
the  general  apparatus  breaks  down.  That  is  one  of  the  diffi- 
culties. 

[Contributed  after  Adjournment  by  Dr.  Louis  Bell.] 
I  do  not  think  it  wise  for  a  purchaser  of  apparatus  to  place 
much  reliance  on  over-voltage  tests  set  forth  in  contracts,  save 
in  the  case  of  line  insulators,  switching  and  such-like  simple 
apparatus.  In  other  cases  such  tests  ought  not  to  be  long  con- 
tinued, and  should  not  be  made  until  the  apparatus  has  success- 
fully stood  a  full  load  test  and  recovered  therefrom.  Then  a 
moderately  severe  over-voltage  test  can  be  usefully  applied, 
merely  to  try  out  the  insulation  as  a  whole.  I  do  not  concur  that 
a  disrupture  test  is  unfair  because  it  may  subject  to  severe 
strain  parts  of  the  insulation  which  normally  receive  in  com- 
mercial working  only  a  moderate  strai;  The  disrupture  test 
ought  to  try  out  these  very  points,  for  danger  to  insulation  from 
minor  lightning  discharges,  resonance  and  the  like  frequently 
catches  apparatus  at  just  these  weak  points,  since  trouble  usually 
comes  from  abnormal,  not  ordinary,  conditions.     Personally,  I 
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attach  some  value  to  an  overload  test  at  a  voltage  somewhat 
greater  than  will  ever  be  demanded  in  practice,  with  carefu? 
insulation  measurements  before  and  after. 

[Contributed  after  Adjournment  by  Mr.  P.  G.  Go^sler.; 

The  grounded  wire  method  of  protection  against  lightning  has 
been  used  on  the  transmission  lines  of  the  Montreal  Light,  Heat 
&  Power  Company  for  the  last  four  years,  with  very  satisfactory- 
results.  For  three  years  the  transmission  lines  were  operated  at 
two-phase,  12,000  volts  and  for  the  last  year  at  3-phase,  25,000 
volts. 

The  2-phase  transmission  lines  consisted  of  duplicate  lines  run 
from  Chambly  to  Montreal,  the  total  distance  being  about  17 
miles  for  each  line  of  which  14  J  miles  were  aerial  and  2 J  miles 
single-conductor  rubber-insulated  underground  cables.  The 
underground  cable  was  divided  up  in  three  sections,  the  first 
section  was  about  a  mile  and  a  half  from  power  house,  the 
second  about  15  miles  from  the  power  house,  and  the  third  at 
the  Montreal  end. 

The  present  transmission  lines  consist  of  duplicate  lines,  17 
miles  for  each  line  of  which  15  J  miles  is  aerial,  and  1  ^  miiles  under-  ^ 
ground  cables  at  one  end.     Three  lines  of  barb  wire  are  run  on ' 
pony  glass  insulators  on  each  pole  line,  two  lines  being  run  on 
the  ends  of  the  top  cross-arms  32  inches  from  the  line  wire,  and 
the  third  on  a  pin  on  the  top  of  pole. 

The  barb  wire  is  composed  of  two  twisted  No.  12  B.W.G. 
galvanized  iron  wires  with  one  f  Dur  point  barb  every  five  inches, 
and  is  connected  at  each  pole  by  means  of  a  soldered  joint  to  the 
ground  wire.  This  ground  wire  is  stapled  down  the  face  of  the 
pole  and  is  twisted  several  times  round  the  butt,  after  running 
through  an  iron  pipe  about  8  feet  long,  which  projects  above  the 
level  of  the  ground,  preventing  the  wire  from  being  cut  or 
broken,  as  well  as  affording  an  additional  ground. 

As  the  poles  are  set  90  feet  apart  the  barb  wire  lines  are 
grounded  about  fifty-eight  times  per  mile;  this  frequent  ground- 
ing being  one  of  the  most  important  points  in  the  protection. 

It  has  been  the  general  opinion  that  ordinary  barb  wire  lacks 
good  mechanical  properties,  is  liable  to  corrosion  and  to  cause 
inteiruption  to  the  service  by  breaking  and  becoming  tangled 
with  the  transmission  wires. 

This  has  not  been  our  experience.  In  the  line  described  above, 
ordinary  commercial  barb  wire  was  used  and  we  have  only 
experienced  two  cases  of  the  barb  wire  breaking.  In  both  cases 
it  fell  clear  of  transmission  wires  and  did  not  become  entangled 
with  the  conductors.  We  are  of  the  opinion  that  our  freedom 
from  mechanical  troubles  has  been  due  to  the  care  exercised 
when  stringing  the  line,  and  also  fastening  to  a  glass  insulator, 
instead  of  stapling  to  the  cross-arms  and  top  of  poles. 

We  also  use  the  Westinghouse  low  equivalent  a.c.  lightning 
arr3sters,  in  conjunction  with  the  barb  wire.  Banks  of  arresters 
being  located  at  both  ends  of  the  aerial  lines. 
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We  have  undoubted  proof  of  the  usefulness  of  barb  wire 
protection  as  applied  to  our  system.  The  first  year  and  a  half 
of  operating  our  12,000  volt  Chambly  Plant  we  did  not  have  any 
protection  against  lightning  but  the  barb  wire.  The  first  summer 
we  had  the  opportunity  of  watching  the  effect  of  a  very  severe 
storm  which  traveled  from  Montreal  to  Chambly,  passing  over 
the  district  through  which  our  transmission  lines  run;  this 
storm  did  considerable  damage  in  Montreal,  shattered  several 
trees  along  the  transmission  line,  and  also  damaged  the  local 
lines  in  Chambly,  but  no  trouble  was  experienced  on  the  trans- 
mission lines. 

So  satisfied  are  we  of  the  usefulness  of  barb  wire  as  a  protection 
that  we  have  installed  it  on  many  of  our  local  2400-volts  circuits 
in  and  around  Montreal,  with  satisfactory  results. 


A  paper  presented  at  the  20f/t  Antiual  Convention 
of  the  American  Institute  of  Electrical  Engineers^ 
Niagara  Falls,  July  1st,  lfl03. 


CHOICE  OF  FREQUENCY  FOR  VERY  LONG  LINES. 


BY  P.  M.  LINCOLN. 


Although  Other  frequencies  are  in  use  in  this  country,  there  are 
only  two  which  by  the  extent  of  their  use  can  be  called  standard, 
viz.:  60  and  25  cycles  per  second.  Without  discussing  the  rela- 
tive merits  of  other  frequencies,  the  question  now.  presented  is, 
which  is  the  better  frequency  for  a  very  long  line,  60  or  25  cycles 
per  second,  considered  purely  as  a  transmission  problem. 

In  the  present  state  of  the  art,  200  miles  may  be  considered  as 
very  long  for  a  transmission  line.  Although  longer  ones  have 
been  proposed,  only  one  of  this  length  has  been  put  into  actual 
operation  and  no  other  line  approaches  this  length.  The  reason- 
ing which  follows  will,  therefore,  be  made  to  apply  to  a  typical 
line  200  miles  long. 

Frequency  has  a  direct  bearing  upon  voltage  regulation  and 
charging  current  and  its  influence  on  a  possible  condition  of 
resonance  may  also  be  profitably  discussed. 

1st.  Voltage  Regulation. — The  difference  between  the  voltage 
at  the  transmitting  and  the  receiving  stations,  termed  the 
**  drop,"  is  dependent  upon  several  elements,  among  which  are 
the  resistance  and  the  inductance  of  the  circuit.  The  volts  for 
overcoming  the  resistance  are  the  same  as  would  be  required  for 
sending  a  direct  current  equal  to  the  normal  alternating  current 
through  the  line,  if  it  be  short-circuited  at  the  receiving  end. 
The  volts  for  overcoming  the  inductance  at  any  frequency  are 
measured  by  the  pressure  which  would  be  required  for  sending 
the  alternating  current  at  that  frequency  through  the  short 
circuited  line,  if  the  ohmic  resistance  were  negligible.  The 
inductance  volts  are  directly  proportional  to  the  frequency. 
The  difference  in  voltage  between  the  transmitting  and  receiv- 
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ing  stations,  or  the  "  drop/'  is  a  function  of  the  resistance  volts, 
the  inductance  volts  and  the  power  factor  of  the  load. 

Consideration  of  voltage  regulation  at  the  receiving  end  limits, 
according  to  best  practice,  the  resistance  volts  in  a  transmission 
line  to  about  15  per  cent,  as  a  maximum,  and  the  same  con- 
sideration should  keep  the  inductance  volts  within  a  maximimi 
of  20'  per  cent.  This  will  mean  a  line  regulation  of  about  24  per 
cent,  with  a  load  power  factor  of  85  per  cent.  Best  economy 
may  reduce  the  resistance  element  below  the  maximum  given. 
The  resistance  volts  may  be  reduced  to  any  given  amount 
by  the  addition  of  copper,  while  inductance  volts  are  little 
affected  by  increasing  the  size  of  wire.  An  increase  in  size  of 
conductor  which  will  reduce  resistance  volts  by  one-half  will 
reduce  inductance  volts  only  about  5  per  cent.  The  matter  of 
inductance  volts,  therefore,  constitutes  a  limit  to  the  amount  of 
power  that  can  be  delivered  over  a  single  line.  This  considera- 
tion will  limit  the  amounts  of  power  which  can  be  delivered  by  a 
three-phase  hne  200  miles  long  to  approximately  the  following: 

Table  Showing   Limits   of  Transmission   Line   Capacities. 


Voltage  at 

Power  Delivered  with  20%  Inductance  Volts. 

Receiving  End. 

200  Mile,  3-Phase  Line. 

60  Cycles. 

25  Cycles. 

20,000  Volts 

500  k.w. 

1,250  k.w. 

30,000      •• 

1,125     " 

2.800     •* 

40.000      " 

2,000     " 

5,000     " 

50.000      " 

3,125     " 

7,800     *• 

^0.000      " 

4.500     " 

11,250     " 

80.000      '* 

8.000     " 

20,000     •• 

For  longer  or  shorter  lines  the  k.w.  in  the  above  table  may  be 
decreased  or  increased  in  direct  proportion. 

If  the  amount  of  power  to  be  transmitted  is  large,  the  multi-. 
plication  of  lines  necessary  at  60  cycles  unduly  increases  expense 
both  of  pole  lines  and  of  right  of  way  for  same.     This  point  is 
evidently  in  favor  of  the  lower  frequency. 

2d.  Charging  Current. — Charging  current  is,  of  course,  a 
direct  function  of  frequency  and  voltage  and  to  a  slight  extent 
of  line  construction.  At  60  cycles  the  apparent  energy  repre- 
sented by  the  charging  current  in  a  200-mile  three-phase  line  is 
practically  equal  to  the  ultimate  capacity  of  that  line  as  limited 
by  the  20  per  cent,  inductance  volts  consideration.  At  25 
cycles  it  is  only  about  15  per  cent,  of  the  ultimate  capacity  as 
limited  by  the  same  consideration.     In  a  60-cycle  installation. 
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therefore,  it  is  necessary  either  to  operate  the  generators  on  such 
a  line  at  about  full  current  output  all  the  time,  no  matter  what 
the  load,  or  to  compensate  for  the  charging  current  in  part  or  in 
whole  by  the  installation  of  choke  coils,  either  horn  of  which 
dilemma  is  not  pleasant  to  coi^sider.  The  problem  of  taking 
care  of  the  charging  current  at  25  cycles  does  not  enter  the  dis- 
cussion as  compared  with  60  cycles. 

The  effect  of  a  large  charging  current  on  the  regulation  of  the 
generator  should  also  be  considered.  As  is  well  known,  a  line 
charging  current,  when  circulating  in  a  generator  armature,  has 
the  effect  of  assisting  the  field  ampere  turns  to  magnetize  the 
fields.  The  percentage  of  magnetizing  done  by  this  charging 
current  depends  upon  its  amount  and  the  inherent  regulation  of 
the  generator.  Since  the  charging  current  depends  upon  the 
voltage,  the  generator  exciting  power  of  the  charging  current  also 
depends  upon  the  voltage.  The  effect  of  sudden  load  changes, 
therefore,  which  tend  to  change  the  voltage  delivered,  will  in 
turn  affect  this  element  of  the  excitation.  That  is,  to  a  certain 
extent,  the  generator  assumes  the  regulation  which  inherently 
belongs  to  a  d.c.  shunt  generator.  The  effect  of  large  charging 
currents  on  generator  regulation  is,  therefore,  not  toward  an 
improvement. 

3d.  Resonance. — As  is  well  known,  every  combination  of  a 
condenser  and  choke  coil  in  series  has  a  natural  period  of  oscilla- 
tion, whose  value  depends  upon  the  square  root  of  the  product 
of  the  condenser  capacity  by  the  choke  coil  inductance.  If  a 
frequency  of  its  natural  period  be  applied  to  such  a  combination, 
resonance  will  occur.  That  is,  a  small  exciting  force  of  the  proper 
frequency  will  cause  comparatively  large  currents  to  circulate 
between  the  condenser  and  the  choke  coil  and  therefore  com- 
paratively large  voltages  across  both  the  condenser  and  choke 
coil.     This  is  an  example  of  resonance  in  its  simplest  form. 

A  transmission  line  possesses  both  capacity  and  inductance, 
and  therefore  the  possibility  of  becoming  resonant  under  cer- 
tain conditions.  The  fact  that  both  the  capacity  and  induct- 
ance of  a  transmission  line  are  distributed  throughout  its  entire 
length,  and  the  disturbing  effect  of  concentrated  inductances  and 
capacities  at  transmitting  and  receiving  stations,  makes  the 
problem  of  determining  under  what  conditions  resonance  will 
occur  an  extremely  intricate  one.  A  first  approximation  may  be 
obtained,  however,  by  assuming  that  the  inductance  and  capacity 
of  a  line  are  concentrated  instead  of  distributed,  and  omitting  the 
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effects  of  translating  devices.  Under  this  assumption,  we  may- 
consider  that  the  capacity  of  a  distant  portion  of  the  line  is  in 
series  with  the  inductance  of  the  intermediate  portion. 

The  natural  period,  that  is,  the  applied  frequency  at  which 
.  resonance  will  occur  between  the  parts  of  a  transmission  line, 
will  be  a  minimum  when  the  two  parts  are  equal,  or  each  is  equal 
to  one-half  the  total  line.  The  number  of  natural  periods  above 
this  minimum  is  infinite,  since  it  is  possible  to  divide  the  line 
into  two  parts,  the  inductance  of  one  of  which  multiplied  by  the 
capacity  of  the  other  may  be  any  quantity  less  than  that  ob- 
tained by  dividing  the  line  into  two  equal  parts. 

The  minimum  period  of  a  200-mile  line  is  approximately  200 
cycles  per  second.  There  is,  of  course,  no  danger  that  the 
fundamental  applied  frequency  will  produce  resonance  until  the 
length  of  line  largely  exceeds  200  miles,  but  the  same  cannot  be 
said  of  some  of  the  harmonics  if  they  are  sufficiently  prominent. 
The  lower  the  fundamental  frequency,  the  less  is  the  danger  from 
this  source.  So  far  as  the  writer  is  aware,  no  actual  trouble  has 
ever  been  experienced  in  existing  plants  from  this  source  even  on 
the  longest  lines  and  highest  frequencies  in  use,  but  it  neverthe- 
less constitutes  an  advantage  for  25  over  60  cycles  that  cannot 
be  dismissed  with  a  scoff. 

It  is  a  fact  that  the  longest  transmission  line  in  the  world — the 
Bay  Counties  line  in  California — as  well  as  the  highest  voltage 
line — the  Missouri  River  Power  Company  in  Montana — are  both 
operating  at  60  cytles.  These  facts,  however,  do  not  detract 
from  the  force  of  the  preceding  reasoning. 

It  is  not  claimed  that  this  discussion  contains  all  of  the  argu- 
ments pro  or  con.  The  bringing  out  of  additional  points  as  well 
as  the  soundness  of  those  presented,  is  left  to  the  discussion 
which  it  is  hoped  the  above  will  provoke. 
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Wednesday — Afternoon  Session. 

President  Scott  called  the  meeting  to  order  at  2.30  p.  m. 

Mr.  B.  a.  Behrend: — Mr.  Lincoln's  figures  indicate  clearly 
that,  with  a  given  amount  of  material  in  a  long  line  of  power 
can  be  transmitted  at  25  cycles  than  at  60  cycles.  Mr.  Lincoln 
calls  attention  to  the  possible  danger  of  resonance  as  pro- 
duced by  the  higher  harmonics  superimposed  upon  the  funda- 
mental used  for  the  transmission.  Mr.  Lincoln  says:  **  The 
fact  that  both  the  capacity  and  inductance  of  a  transmission  line 
are  distributed  throughout  its  entire  length,  and  the  disturbing 
effect  of  concentrated  inductances  and  capacities  at  transmitting 
and  receiving  stations,  makes  the  problem  of  determining  under 
what  conditions  resonance  will  occur  an  extremely  intricate  one. 
A  first  approximation  may  be  obtained,  however,  by  assuming 
that  the  inductance  and  capacity  of  a  line  are  concentrated 
instead  of  distributed  and  omitting  the  effects  of  translating 
devices.*' 

I  showed  in  a  brief  contribution  to  M.  Leblanc's  paper  at  the 
Convention  of  the  Institute  last  year  that  the  natural  period  of 
oscillation  of  a  transmission  line  with  distributed  capacity  and 
self-induction  can,  without  difficulty,  be  calculated.  The  method 
in  my  contribution  requires  no  extraordinary  mathematical 
knowledge  beyond  simple  differential  equations,  and  I  have 
shown  on  page  1213  of  our  volume  XIX  of  1902  that  the  funda- 
mental of  the  natural  frequency  of  oscillation  of  the  line  is: 
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while  the  natural  frequency,  if  we  assume  the  capacity  and  self- 
induction  to  be  concentrated,  is  equal  to. 
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The  discharge  frequency  of  a  long  line  with  distributed  capacity 
and  self-induction  is,  therefore,  greater  than  if  the  capacity  and 
self-induction  were  concentrated. 

Although  this  is  all  very  interesting,  I  feel  somewhat  skeptical 
about  the  practical  importance  of  this  resonance.  It  may  be 
possible  that  such  resonance  occurs  on  long  transmission  lines, 
but  I  should  prefer  to  suspend  judgment  on  this  point  until  the 
facts  had  forced  themselves  upon  my  attention.  I  cannot  help 
thinking  of  the  unreasonable  importance  which  at  one  time 
used  to  be  attributed  to  the  wave-form  of  alternating  current 
generators  a  case  which  has  almost  entirely  broken  down.  But, 
at  one  time,  the  wave-form  was  the  scapegoat  for  all  sorts  of 
mistakes  made  and  a  perfect  bugbear  to  the  designing  engineers. 

In  considering  the  question  whether  a  frequency  of  25  or  60 
cycles  is  preferable  for  power  transmission  purposes,  we  should 
not  confine  our  attention  to  the  Hne  itself,  but  we  should  take 
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into  consideration  the  generating  plant,  the  transformers  and 
the  substation  as  well.  In  regard  to  the  generating  plant  and 
the  transformers,  there  can  be  no  doubt  that  a  tr.equency  of  25 
is  rather  lower  than  desirable.  In  regard  to  the  substation 
apparatus,  a  frequency  of  25  is  as  high  as  desirable  for  rotary 
converters,  while  it  is  too  low  for  lighting.  Is  not,  after  all,  then, 
Mr.  Lincoln's  problem  the  same  that  has  been  argued  for  fifteen 
years,  viz.,  the  problem  of  the  most  favorable  frequency? 

I  may  add  to  Mr.  Lincoln's  statement  to  the  effect  that  the 
longest  lines,  as  the  Bay  Counties  and  the  Missouri  River,  are 
operated  at  60  cycles,  that  the  first  long  distance  transmission 
hne  of  115  miles  in  length  between  Lauffen  and  Frankfort, 
which  was  built  in  1891,  was  operated  at  a  frequency  of  50. 

Mr.  F.  G.  Baum: — The  first  criticism  I  have  to  make  on  this 
paper  is  that  it  confines  the  discussion  of  the  choice  of  frequency 
to  the  transmission  line. 

Unquestionably,  so  far  as  the  line  is  concerned,  the  lower  the 
frequency  the  better  the  regulation,  and  the  greater  the  capacity 
of  the  line,  limiting  the  capacity  of  the  line  by  the  inductive  volts. 
But  the  fallacy  of  reasoning  that  a  low  frequency  is,  therefore,  to 
be  used,  becomes  immediately  evident  if  we  pass  to  the  trans- 
formers, where  the  higher  the  frequency,  the  smaller  the  weight 
and  cost,  and  the  greater  the  efficiency. 

The  best  frequency  for  the  generators  is,  of  course,  dependent 
upon  the  speed  at  which  they  are  driven,  and  on  their  capacity. 
With  slow  speed  engines,  low  cycles  would  no  doubt  be  prefer- 
able, but  in  water  power  plants,  operating  at  speeds  from  300 
to  500  r.p.m.,  with  peripheral  speeds  of  about  10.000  feet  per 
minute,  according  to  the  head  of  water  used,  the  best  frequency 
for  the  generators  will  be  higher  than  when  driven  by  low  speed 
engines. 

A  power  company  at  the  present  time,  in  California  at  least, 
if  it  is  to  be  a  success,  must  sell  a  good  proportion  of  its  load  to 
small  towns  for  lighting,  etc.  These  towns  being  already 
equipped  with  60  cycle  apparatus,  practically  force  the  power 
companies  to  supply  that  frequency. 

As  to  the  limits  of  the  percentage  of  resistance  pressure  or 
copper  loss,  I  believe  15  per  cent,  as  a  maximum  is  a  little  high, 
and  a  satisfactory  system  should  probably  not  have  over  10  or  at 
most  12  per  cent.  The  limit  of  20  per  cent,  for  the  reactance 
pressure  is,  I  think,  a  little  low.  As  it  is  possible  generally  to 
have  pretty  fair  control  of  the  power-factor  of  the  line,  a  maxi- 
mum of  30  per  cent,  for  the  reactance  pressure  would,  I  think, 
not  be  excessive,  and  would  give  satisfactory  service.    • 

The  charging  current  is  not  difficult  to  handle.  If  the  load  is 
to  be  mostly  induction  motors,  the  charging  current  will  improve 
the  power-factor  of  the  generators.  However,  a  30  cycle  system 
would  be  better  than  60  cycle  so  far  as  handling  the  charging 
current  is  concerned. 

Undoubtedly  if  our  lines  are  to  increase  in  length  to  300  and 
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up  to  500  miles,  we  must  operate  at  less  than  60  cycles,  in  order 
to  reduce  the  reactance  volts  and  also  on  account  of  coming  into 
resonance  with  the  line. 

President  Scott: — This  paper  is  another  example  of  what 
was  referred  to  this  morning  in  another  connection;  namely,  the 
new  class  and  order  of  phenomena  which  may  appear  when  the 
voltage  is  changed.  The  various  points  which  have  been  taken 
up  in  this  paper;  namely,  regulation,  charging  current  and 
resonance,  have  little  or  nothing  to  do  with  the  choice  of  fre- 
quency at  low  voltages.  For  instance,  in  an  installation  of  an 
isolated  plant,  or  one  for  short  distances,  in  which  the  voltages 
are  not  more  than  a  ^ew  thousand.  But  when  the  higher  voltages 
and  the  longer  distances  come  in,  then  these  new  problems 
appear;  new  elements  have  very  great  importance,  sometimes 
they  are  even  the  limiting  conditions.  The  subject  is  one  which 
is  open  now  for  general  discussion. 

Mr.  Mailloux: — It  seems  to  me  that  in  a  matter  of  this 
kind  the  consulting  engineer  is  confronted  more  by  conditions 
than  by  theories.  If  he  has  to  consider  locations  where  the 
electrical  energy  is  to  be  used  principally  for  lighting,  he  must 
of  necessity  adopt  a  frequency  that  will  be  compatible  with 
satisfactory  lighting.  In  all  the  cases  which  I  have  had  to  deal 
with  in  long-distance  transmission  thus  far,  that  condition  has 
been  imposed  by  the  facts  and  circumstances  of  the  case.  It 
has  been  necessary  to  make  provision  for  a  current  capable  of 
giving  satisfactory  lighting,  because  the  bulk  of  the  current  was 
intended  to  be  used  for  that  purpose.  Now  the  question  it 
seems  to  me,  therefore,  would  be,  in  striving  to  obtain  a  com- 
promise between  extremes,  to  determine  what  is  the  minimum 
frequency  that  is  satisfactory  for  lighting  purposes.  Experi- 
ments have  been  made  with  the  various  frequencies  in  Europe. 
There  are  many  plants  which  are  furnishing  or  attempting  to 
furnish  lighting  current  with  frequencies  as  low  as  40.  I  have 
seen  several  of  those  plants,  and  I  must  say  that  I  do  not  consider 
them  satisfactory.  One  can  see  stationary  objects  very  well, 
but  moving  objects  seem  to  have  a  jerky  motion  which  is  un- 
pleasant and  even  annoying.  I  would  like  to  know  if  any  of  the 
gentlemen  present  have  had  experience  with  frequencies  as  low 
as  50.  It  has  occurred  to  me  several  times  that  perhaps  a 
frequency  of  50  might  be  a  satisfactory  compromise.  We  all 
know  that  60  is  perfectly  satisfactory  for  lighting,  but  it  would 
be  very  interesting  to  know  what  experience  has  been  had  with 
frequencies  lower  than  60,  in  this  country. 

Mr.  Stott: — As  to  the  frequency  at  which  incandescent 
lighting  becomes  impossible,  I  think  that  point  comes  at  just 
about  20  cycles,  from  some  experiments  which  have  been  carried 
out.  Twenty-five  cycles,  with  a  low  efficiency  lamp,  taking 
about  4  watts  per  candle,  and  with  a  voltage  not  to  exceed  110, 
where  the  filament  is  con.paratively  heavy,  is  quite  satisfactory. 
We  have  tried  the  experiment  of  having  direct  current  lighting  in 
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the  draughting  room  and  then  without  notice  throwing  it  over 
on  the  alternating  current,  and  no  one  knew  anything  about  it ; 
and  this  certainly  demands  the  best  light  possible. 

President  Scott: — You  are  using  it  in  the  elevated  stations 
in  New  York. 

Mr.  Stott: — Yes;  we  have  about  30,000  incandescent  lamps 
run  now  on  25  cycles,  and  very  few  people  notice  the  fluctuation. 
I  think  it  depends  a  good  deal  upon  the  voltage  regulation  and 
also  upon  the  fact  that  low  efficiency  lamps  are  used. 

Mr.  Mailloux: — How  about  the  Nemst  lamp? 

Mr.  Stott: — I  have  no  information  about  the  Nemst  lamp. 
I  understand  25  cycles  is  rather  low  for  it.  In  reference  to  the 
general  proposition  of  frequency,  it  seems  to  me  that  it  is  a  local 
condition  which  must  be  considered  in  connection  with  every 
individual  proposition,  which  is  brought  up. 

Mr.  Mershon: — Mr.  Lincoln  considers  his  subject  purely  as  a 
transmission  problem.  It  is  not  very  often  that  you  get  a  chance 
to  consider  the  engineering  of  transmission  from  that  standpoint. 
You  generally  have  to  take  into  account  certain  conditions  that 
have  to  be  met.  You  cannot  select  the  frequency  of  your  appar- 
atus just  as  you  choose.  Now,  in  many  of  these  cases — I  guess 
it  has  been  true  of  all  the  California  plants — I  think  it  is  true 
of  most  all  the  transmission  plants  that  have  been  put  in — the 
condition  to  be  met  first  was  that  of  delivering  power  at  60 
cycles.  The  transmission  enterprises  could  not  have  existed » 
probably,  if  you  had  insisted  on  putting  in  the  25  cycles,  in  that 
there  would  not  have  been  enough  immediate  prospective  market 
to  have  made  it  possible  to  finance  the  enterprise,  and  in  order 
to  get  this  market,  and  get  it  as  soon  as  the  plant  was  in  opera- 
tion, it  was  necessary  to  deliver  60  cycles.  In  such  a  case,  the 
question  comes  down  to  whether  or  not  it  is  better  to  transmit  at 
25  cycles  and  use  frequency  changers  for  60,  or  whether  it  is  bet- 
ter to  transmit  at  60  cycles  and  use  synchronous  motors  to  raise 
the  power-factor  of  your  load,  or  even  bring  up  the  drop  in  your 
line  to  approximately  that  of  the  copper  drop.  If  you  consider 
the  question  of  the  investment  in  these  cases,  you  will  find  that 
the  60  cycle  plant  shows  up  much  more  favorably.  Take,  for 
instance,  the  use  of  motor  generators  for  changing  your  frequency 
from  25  to  60  cycles — you  would  require,  with  a  power-factor  of 
85,  which  is  the  one  Mr.  Lincoln  has  taken,  approximately  220 
per  cent,  in  actual  machine  capacity,  counting  both  motor  and 
generator,  and  the  fact  that  your  generator  has  got  to  be  able  to 
take  care  of  a  power-factor  of  85.  If  you  are  using  synchronous 
motors  and  bring  your  power-factor  up  to  unity,  it  will  require 
about  53  per  cent.  Now.  that  represents  not  only  the  cost  of  the 
machines,  cost  of  the  switchboard  apparatus  for  handling  them 
and  cost  of  station  room  for  installation  of  machines,  but  in  addi- 
tion to  that  there  is  the  question  that  has  been  mentioned  of  the 
less  cost  of  the  transformers  for  60  cycles.  As  regards  the  ques- 
tion of  the  charging  current  on  60  cycles,  if  synchronous  motors 
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were  used,  you  would  be  able  to  get  a  greater  amount  of  power 
over  a  single  line  than  Mr.  Lincoln  has  calculated.  Besides,  you 
could  reduce  the  effect  of  the  capacity  current  on  the  generator 
by  means  of  these  synchronous  motors,  by  keeping  some  of  them 
running  at  light  loads  just  as  you  would  have  to  do  in  case  of 
frequency  changes.  I  cannot  see  that  the  capacity  current  of 
the  line  will  seriously  affect  the  generator  regulation.  The 
generator  excitation  depends  upon  ampere-turns  either  in  the 
field  winding  or  the  armature  winding.  To  the  over-excitation, 
required  to  neutralize  the  armature-reaction  of  a  given  lagging 
load,  is  due,  mainly,  the  rise  in  voltage  when  such  a  load  is 
thrown  off.  If  the  same  lagging  load  be  carried  but  in  conjunc- 
tion with  a  charging  current,  such  as  brings  the  power  factor  at 
the  generator  terminals  to  unity,  the  unity  condition  is  due  to  the 
fact  that  the  reaction  component  of  the  lagging  load  has  been 
neutralized  by  the  charging  current.  When,  therefore,  the  lag- 
ging load  is  thrown  off,  there  is  left  on  the  generator  the  charging 
current  whose  effect  on  the  generator  magnetization  is  about 
equal  to,  in  fact  somewhat  less  than,  that  of  the  over-excitation 
previously  referred  to.  True,  the  rise  of  voltage  tends  to  in- 
crease the  charging  current  which  in  turn  tends  to  increase 
somewhat  the  voltage  rise,  but  this  cumulative  action  will  be  held 
in  check  by  the  fact,  just  referred  to,  that  ampere-turns  in  the 
armature  are  less  effective  in  raising  voltage  than  an  equivalent 
number  of  ampere-turns  in  the  field. 

As  regards  the  question  of  frequency  in  lighting,  I  think  there 
is  an  element  to  be  considered  that  has  not  been  mentioned, 
namely,  personal  peculiarities.  I  have  tried  in  a  number  of  cases 
to  find  out  the  impression  made  on  different  people  by  low  fre- 
quency lighting.  At  25  cylces,  if  I  endeavor  to  do  so,  I  can 
notice  a  flicker  in  any  25  cycle  installation  I  have  ever  seen,  but 
it  does  not  bother  me.  Some  people  say  that  it  annoys  them  at 
all  times,  and  some  people  say  that  they  can  even  see  the  flicker 
in  the  case  of  frequencies  considerably  above  25  cycles.  I 
think,  however,  that  the  majority  of  people  cannot  notice  any 
effect  from  30  cycles.  Possibly  they  could  with  quick  move- 
ments of  illuminated  objects,  but  I  do  not  think  that  with  the 
ordinary  movements  of  every  day  Hfe  they  would  notice  any 
flicker  at  30  cycles. 

Mr.  Rushmore: — An  interesting  instance  came  to  my  notice 
some  time  ago  in  talking  with  an  engineer  of  one  of  the  large 
transmission  systems.  On  some  of  their  new  lines,  he  said  that 
they  were  using  a  maximum  distance  between  wires  for  the 
purpose  of  obtaining  the  greatest  possible  line  inductance,  the 
rise  in  voltage  being  greater  than  was  desirable. 

The  form  of  e.m.f.  curve  has  been  mentioned  as  being  some- 
thing about  which  we  need  at  present  concern  ourselves  but 
little.  This  is  quite  opposed  to  my  own  view.  The  capacity 
charging  currents  on  these  high  voltage  lines  very  considerably 
amplify  any  harmonics  which  may  exist  in  the  original  wave. 
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Under  such  conditions,  it  is  necessary  that  the  wave  form  ap- 
proximate closely  that  of  a  sine  function.  In  modem  generators 
this  is  the  case,  which  perhaps  explains  to  some  extent  the 
reason  why  but  little  is  heard  on  the  subject. 

Mr.  Lincoln: — Mr.  Mershon  advanced  the  idea  that  syn- 
chronous apparatus  could  be  operated  at  the  receiving  end  of 
the  line  to  compensate  for  the  inductive  drop.  I  wish  to  take 
issue  on  that  point.  It  is  possible  so  to  operate  synchronous 
apparatus  that  the  current  at  the  receiving  end  of  a  transmission 
is  either  lagging  or  leading  with  respect  to  the  e.m.f.  at  the  will  of 
the  operator.  That  is,  the  inductive  '*drop  *'  in  the  .transmission 
may  be  made  to  subtract  from  or  add  to*  the  generator  volts  at 
the  will  of  the  operator.  This  fact,  however,  is  not  going  to  help 
line  regulation,  that  is  the  change  in  receiving  end  voltage  for  a 
given  load  change — unless  the  field  strength  of  the  synchronous 
apparatus  can  be  changed  automatically  with  load.  The  limiting 
factor  in  very  long  lines  is  regulation  and  I  do  not  see  how  Mr. 
Mershon's  scheme  of  putting  synchronous  apparatus  at  the  end 
of  the  line  helps  regulation.  And  for  the  same  reason  I  would 
differ  from  Mr.  Baum  where  he  places  the  real  loss  in  a  trans- 
mission line  at  somewhat  less  than  I  have.  I  have  placed  it  at 
15  per  cent.  He  says  it  is  not  over  10  per  cent,  or  12  per  cent., 
and  he  places  the  inductance  drop  at  30  per  cent.,  instead  of  20 
per  cent.,  as  I  had  it.  That  inductance  drop  is  going  to  have  an 
important  influence  in  the  regulation  of  the  line,  and  if  we  are 
going  to  limit  our  regulation  to  25  per  cent.,  I  don't  see  how  you 
are  going  to  allow  30  per  cent,  inductance  drop,  particularly  with 
loads  of  low  power-factor. 

Mr.  Mershox: — I  cannot  quite  agree  with  Mr.  Lincoln.  The 
action  of  a  synchronous  motor  with  a  constant  excitation  is 
similar  to  that  of  a  condenser  so  long  as  the  voltage  impressed 
upon  the  motor  does  not  vary,  but  as  soon  as  the  voltage  begins 
to  vary  the  similarity  ceases.  If  the  voltage  rises  on  a  condenser 
the  condenser  takes  more  current.  If  the  voltage  rises  on  an 
over-excited  synchronous  motor  the  motor  takes  less  current. 
The  voltage  may  rise  to  a  point  where  the  motor  will  take  practi- 
cally no  current  or  it  may  increase  to  a  point  enough  greater 
than  this  so  that  the  motor  instead  of  taking  from  the  Hne  a  lead- 
ing current,  it  will  take  a  lagging  current  tending  to  pull  down 
the  voltage,  or  rather,  limit  the  rise.  The  action  of  the  idle  syn- 
chronous motor  is  therefore  corrective  which  a  condenser  would 
not  be.  This  corrective  action  of  a  synchronous  motor  will 
depend  for  its  amount  on  the  inherent  regulation  of  the  motor. 
If  we  chose  to  go  to  extremes  we  might  make  the  synchronous 
motors  dominate  the  system  completely  as  regards  tlie  delivered 
voltage  and  might  kee])  the  voltage  variation  as  low  as  wc 
pleased  by  cm])loying  motors  with  very  low  inherent  regulation. 

Dr.  Perrixk:  1  would  like  to  say  that  whether  it  is  pos- 
sible or  not  to  regulate  a  Hne  with  a  synchronous  motor  as 
the  last  speaker  describes,  it  has  never  been  done;  but  the 
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regulation  of  the  line  by  means  of  an  automatically  excited 
synchronous  motor  has  been  done  and  was  described  by  Mr. 
Baum  in  his  paper  presented  before  the  meeting  last  year,  where 
he  showed  how  he  regulated  by  means  of  an  automatic  exciter 
the  voltage  of  the  Bay  Counties  line  at  Oakland,  overcoming  the 
effect  of  capacity  and  inductance  on  the  Hne  by  means  of  syn- 
chronous motors. 

Mr.  H.  a.  Storrs: — If  the  discussion  need  not  be  limited 
to  200  mile  lines,  there  are  one  or  two  points  which  might 
be  of  interest.  First,  as  regards  the  highest  frequency  whic!i 
will  produce  a  noticeable  flicker  in  the  lamp.  A  number  of 
years  ago  in  the  laboratory  at  Columbia  College  we  had  a  small 
rotary  converter  which  was  under  control  so  that  we  could  pro- 
duce alternating  currents  of  any  frequency  we  desired,  and  we 
made  a  good  many  tests  with  15  or  20  students  at  a  time,  in  order 
to  determine  what  fiequency  could  be  detected.  The  condition 
is  quite  different  from  what  it  is  to  go  where  a  system  is  being 
operated  at  25.  You  know  the  frequency,  and  you  look  at  a 
lamp,  and  you  say,  yes;  you  can  see  the  flicker  of  the  light. 
But  if  you  start  with  a  high  frequency  and  gradually  lower  it, 
telling  ever\-body  to  keep  his  eye  on  the  lamp,  different  men  will 
at  different  instants  say  that  they  detect  a  flicker;  and  if,  as  you 
repeat  that  experiment,  the  same  man  detects  a  flicker  repeatedly 
at  the  same  frequency,  why  that  is  pretty  good  proof  that  he 
does  detect  the  flicker.  Under  other  conditions  there  is  a  good 
deal  of  imagination  about  whether  you  detect  the  flicker  or  not. 
As  a  result  of  a  good  many  experiments  of  that  kind,  with  lan.ps 
of  various  efficiencies,  we  found  that  20  or  21  was  about  as  high 
a  frequency  as  any  man  could  detect  repeatedly.  In  fact,  the 
mafjority  could  not  detect  a  frequency  of  20. 

President  Scott: — I  would  like  to  call  attention  to  one  thing. 
We  are  here  dealing  with  certain  engineering  problems.  We 
have  a  paper  here  which  deals  with  the  '^engineering  question. 
What  are  the  factors  in  connection  with  a  line,  a  very  long  Hne, 
which  bear  on  the  determination  of  frequency;  and  we  have  got- 
ten off  from  that  into  a  whole  lot  of  commercial  things  which 
have  nothing  to  do  with  this  question.  What  have  incandescent 
and  arc  lamps  to  do  with  this?  Mr.  Lincoln  has  shown  us  here 
that  certain  facts  prevail  if  we  want  to  transmit  at  50,000  volts, 
200  miles.  If  we  get  beyond  3,000  kilowatts,  we  are  going  to 
exceed  certain  engineering  limits  which  he  has  assigned,  and  he 
has  done  well  to  call  our  attention  to  those  things,  and  bring 
them  in  as  an  engineering  problem.  The  specific  application 
will  come  in  somewhere  else. 

Mr.  Mershon: — Mr.  President,  will  you  allow  me  to  take 
issue  with  you  in  six  words. 

President  Scott: — In  a  moment.  I  call  attention  to  this 
at  this  time,  so  that  in  this  discussion  we  may  endeavor  to 
keep  in  on  the  plane  of  engineering  rather  than  commercialism ; 
not  that  the  commercial  is  not  important,  but  that  the  other  is 
the  important  thing  here.     Now,  in  six  words,  Mr.  Mershon. 
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Mr.  Mershon: — I^  seems  to  me  that  if  you  confined  this 
question  of  frequency  to  the  transmission  line  alone,  there  would 
not  be  any  discussion.  We  would  agree  on  the  25  cycles  or 
perhaps  on  direct  current.  It  seems  to  me  that  an  engineering 
problem  is  always  more  or  less  commercial.  A  physical  problem 
is  not  an  engineering  problem  until  it  is  commercial;  it  is  simply 
scientific. 
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Y  OR  A  CONNECTION  OF  TRANSFORMERS. 


BY  F.  O.  BLACKWELL. 


The  two  alternative  methods,  Y  or  A,  of  connecting  trans- 
formers to  a  three-phase  system,  come  up  for  discussion  with 
every  three-phase  installation.  A  general  statement  of  the  ad- 
vantages and  disadvantages  of  both  connections,  as  they  appear 
to  the  writer,  is  given  here  with  the  hope  that  those  engineers 
who  have  had  most  experience  with  power  transmission  will 
contribute  their  views  on  the  subject. 

Transformers. 
Assuming  that  three  transformers  are  to  be  used  for  a  three- 
phase  power  transmission,  and  that  the  potential  of  the  line  is 
settled,  each  of  the  transformers,  if  connected  in  Y,  must  be 

wound  for  •      — ■  or  about  58  per  cent,  of  the  line  potential,  and 
V  3 

for  the  full  line  current.  If  connected  in  A,  each  transformer 
must  be  wound  for  the  line  potential  and  for  58  per  cent,  of  the 
line  current.  The  number  of  turns  in  the  transformer  winding 
for  Y  connection  is,  therefore,  but  58  per  cent,  of  that  required 
for  A  connection  and  the  cross  section  of  the  conductors  must  be 
correspondingly  greater.  The  greater  number  of  turns  in  the 
winding,  together  with  the  insulation  between  turns  neces- 
sitates a  larger  and  more  expensive  coil  for  A  connection. 
The  larger  coil  calls  for  a  longer  magnetic  circuit  and  conse- 
quently a  larger  and  heavier  transformer  throughout.  This  is  of 
no  importance  when  the  potential  of  the  coil  is  low  or  when  the 
transformer  is  large  and  the  current  high.  In  fact,  in  trans- 
formers in  which  the  current  is  heavy  it  is  usual  to  divide  the 
conductors  into  several  multiple  circuits  for  ease  of  handling  and 
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to  avoid  eddy  current  losses  that  occur  when  the  cross  section  of 
the  conductor  is  too  large.  A  few  turns  more  or  less  in  the  wind- 
ing under  such  conditions  is,  therefore,  immaterial. 

In  transformers  of  small  capacity  wound  for  high  potential,  the 
cost  and  weight  are  both  considerably  in  favor  of  the  Y  connec- 
tion of  the  high  potential  coils. 

Where  it  is  desired  to  secure  the  smallest  transformers  that  can 
be  wound  for  any  given  potential,  the  minimum  size  of  wire  that 
can  be  employed  in  the  windings  of  the  high  potential  coils  and 
give  sufficie'it  mechanical  strength,  is  the  limiting  feature.  A 
transformer  practicable  for  Y  connection  may  be  smaller  there- 
fore than  can  be  commercially  considered  for  A  connection. 

The  Y  connection  requires  the  use  of  three  transformers,  and 
if  anything  goes  wrong  with  one  of  them  the  whole  bank  is 
disabled.     With  the  A  connection,  one  of  the  transformers  can 


Ftg.  /    Step  Down  Transformer'For  4000  ¥Dft  Y Distribution 


be  cut  out  and  the  other  two  still  deliver  three-phase  power  up  to 
their  full  capacity;  that  is,  two-thirds  of  the  entire  bank. 

Combined  three-phase  transformers  are  generally  of  small  size 
and  on  that  account  are  preferably  Y-connected  on  the  high 
potential  side. 

Grounding  the  Neutral. 

If  the  common  connection  of  transformers  joined  in  Y  is 
grounded,  the  potential  between  windings  and  the  core  is  limited 
to  58  per  cent,  of  that  of  the  line,  and  the  insulation  between  the 
windings  and  core  might  be  proportionally  reduced.  The  same 
argument  applies  to  the  transmission  circuit  and  would  allow  the 
size  of  the  line  insulators  to  be  reduced. 

The  saving  that  can  be  made  in  insulating  transformers  by 
grounding  the  neutral  is  not  great  with  large  transformers,  but  is 
important  on  small  ones,  as  the  space  taken  up  by  the  insula- 
tion for  any  given  potential  is  relatively  greater  in  a  small 
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transformer.  Under  normal  conditions,  the  potential  between 
any  conductor  of  a  three-phase  transmission  circiiit  and  the 
ground  is  58  per  cent,  of  the  line  potential,  with  either  Y  or  A 
connection,  but  the  neutral  may  drift  so  as  to  increase  the 
potential  with  an  ungrounded  system.  If  one  branch  is  partly 
or  completely  grounded,  the  potential  between  the  other  two 
branches  and  the  ground  is,  of  course,  increased  and  may  be 
the  full  Hne  potential.  With  a  grounded  neutral  Y  system, 
a  ground  is  a  short  circuit  of  the  transformers  on  the  grounded 
branch  and  the  transmission  becomes  inoperative. 

From  the  point  of  view  of  safety  to  life  and  prevention  of  fires 
this  is  a  desirable  condition,  especially  if  the  low  tension  distribu- 
tion is  also  grounded.  If  the  high  tension  circuit  makes  contact 
with  the  ground  or  low  potential  system,  it  can  be  immediately 
cut  out  by  fuses  or  automatic  circuit  breakers. 


-1 ? — 

200  Vo/L  3  200  Vo/t  S 


200  [/0/t3 


//5  Wb/tS 


I 


L_i 


Fig.  2   Sd  ep  Down  Transformer  For  200  Vb/t  Y  D.str  button 

The  difficulty  is  that  a  power  transmission  with  grounded 
neutral  is  likely  to  be  frequently  shut  down  by  temporar>' 
grounds,  such  as  would  be  caused  by  a  tree  blowing  against 
one  of  the  wires.  Even  if  the  circuit  is  not  opened,  the  drop 
in  the  pressure  due  to  the  sudden  "  short  "  on  the  line  will  cause 
synchronpus  apparatus  to  fall  out  of  step.  Under  the  same  con- 
ditions a  system  without  a  grounded  neutral  would  give  uninter- 
rupted service. 

Unstable  Neutral. 

If  two  transformers  are  connected  in  series,  there  is  no  cer- 
tainty that  they  will  divide  the  potential  equally  between  them. 
A  system  in  which  all  the  electrical  apparatus  is  connected  in  Y 
has  somewhat  the  same  characteristics.  The  neutral  may  drift 
out  of  its  proper  place  and  there  will  be  unequal  potentials  be- 
tween it  and  the  three  conductors  of  the  circuit,  due  to  unequal 
loading  and  differences  in  the  transformers  or  transmission  cir- 
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cuits.  Such  unbalancing  would  cause  unequal  heating  of  the 
transformers  and  if  a  four-wire  three-phase  system  of  distribution 
were  employed,  would  seriously  interfere  with  the  regulation  of 
the  voltage.  In  transformers,  therefore,  have  Y  secondaries,  it  is 
desirable  that  the  primary  should  be  A  connected.  Two  systems 
in  common  use  with  which  A  primary  windings  should  be  used, 
are  shown  in  Figs.  1  and  2. 

Rise  of  Potential. 
The  high  potential  windings  of  transformers  are  necessarily 
of  high  reactance,  and  if  left  in  series  with  a  circuit  of  large 
capacity,  as  shown  in  Figs.  3,  4,  5  and  6,  the  leading  charging 
current  flowing  over  the  reactance  may  set  up  extraordinarily 
high  pressures.  Figs.  3  and  4  represent  Y  connected  banks  of 
three  transformers,  each  connected  so  as  to  cause  such  a  rise  of 
potential.  In  Fig.  3  the  primary  of  bne  trasformer  is  excited  by 
B.  generator,  the  primary  of  the  other  two  transformers  being 


/v^.  3  ^'^-  ^ 


open-circuited.  In  Fig,  4  the  primary  of  one  transformer  is  open 
circuited,  the  other  two  being  connected  to  the  generator.  Figs. 
5  and  6  show  T  connected  banks  of  two  transformers,  which 
might  be  used  to  transform  from  either  two-phase  or  three-phase 
to  three-phase  or  vice  versa,  and  are  similar  in  action  to  Fig.  3. 
If  in  any  one  of  Figs.  3,  4,  5  or  6  the  secondaries  are  connected  to 
a  long  distance  transmission  circuit,  a  pressure  of  many  times  the 
normal  potential  will  be  set  up  between  a  and  b,  and  between 
B  and  c,  that  between  a  and  c  not  being  affected. 

It  is  theoretically  possible  for  a  potential  100  times  that  for 
which  a  transformer  is  wound,  to  be  caused  by  opening  the 
primary  switches  of  one  or  more  of  the  transformers  of  a  bank 
connected  in  Y  before  the  secondary  switches  are  used.  Of 
course,  actually,  the  current  jumps  across  the  insulation  at  some 
point  in  the  system  before  there  can  be  any  such  increase  in 
pressure.  If  there  are  a  number  of  banks  of  transformers  in 
parallel,  this  phenomena  cannot  occur  exccMt  when  all  but  one 
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bank  are  disconnected.  This  source  of  trouble  could  be  obviated 
by  employing  oil  switches  on  the  high  potential  side  which  dis- 
connect the  line  before  the  low  tension  switches  are  used,  or 
by  triple  pole  switches  on  the  primary  which  open  all  three 
branches  of  the  bank  of  transformers  at  once. 

The  selection  of  Y  or  A  connection  of  transformers  for  long 
distance  transmissions  should  only  be  determined  after  a  careful 
consideration  of  the  conditions  in  each  case. . 

There  is  little  choice  between  Y  or  A  without  a  grounded 
neutral. 


/vp.5 


F/^.6 


In  small  installations,  the  cheaper  cost  of  transformers  for  Y 
with  a  grounded  neutral  will  be  a  determining  factor.  Larger 
plants  will  be  guided  by  the  greater  importance  of  giving  unin- 
terrupted service  and  will  not  employ  a  grounded  neutral  unless 
demanded  on  the  score  of  safety. 

Where  the  amount  of  power  is  great  and  the  system  extensive, 
A  connection  will  be  generally  preferred  on  account  of  its  avoid- 
ing the  possibility  of  rises  of  potential  from  any  cause.  Many 
plants  can  have  advantageously  a  mixed  system  with  both  Y  and 
A  transformers,  each  installation  of  transformers  being  con- 
sidered by  itself. 
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[Contribution  to  Disscussion  on  F.  O.  Blackwell's  Paper 

By  J.  S.  Peck.] 
Mr.  J.  S.  Peck: — In  his  paper,  "  Star  or  Delta  Connection  of 
Transformers,*'  Mr.  Black  well  refers  to  the  grounding  of  the  neu- 
tral points  of  a  transmission  system,  for  the  purpose  of  limiting 
the  strain  between  line  wires  and  ground,  and  mention  is  made 
of  the  fact  that  the  neutral  point  is  likely  to  drift  out  of  position 
and  cause  unequal  voltage  strains  upon  different  parts  of  the 
circuit.  * 

The  question  of  grounding  or  not  grounding  the  neutral  and  of 
the  best  method  of  connecting  transformers  is  one  of  great  im- 
portance, and  it  is  the  object  of  this  paper  to  point  out  some  of 
the  conditions,  both  normal  and  abnormal,  which  arise  with 
different  systems  of  connections  with  and  without  grounded 
neutral. 

By  the  grounding  of  the  neutral  point  of  a  transmission  system 
it  is  sought: 

First: — ^To  limit  the  strain  from  line  wires  to  ground. 
Secondly: — To  limit  the  strain  between  high-tension  and  low- 
tension  windings  of  the  transformers,  also  between  high-tension 
windings  and  iron  core. 

There  are  a  number  of  different  ways  of  connecting  trans- 
formers for  transmission  work: 

Single-phase,  2-phase,  3-phase-delta,  3-phase-T,  3-phase-V 
2-phase-3-phase,  3-phase-star,  3-phase-star-and-delta. 

Consider  first  the  case  of  a  single-phase  transformer  un- 
grounded, with  high-tension  and  low-tension  voltages  taken  for 
convenience  as  10000  and  1000  respectively,  (see  Fig.  1).  There 
is  evidently  a  maximum  strain  of  10000  volts  from  one  high- 
tension  line  wire  to  the  other.  If  the  circuits  are  insulated  and 
symmetrical  there  will  be  a  strain  of  5000  volts  from  each  line 
wire  to  ground,  and  from  each  extremity  of  the  high-tension 
v/inding  to  the  low-tension  winding  and  to  the  iron  core. 

If,  however,  the  circuits  are  not  symmetrical,  the  full  strain 
will  not  be  equally  divided,  and  if  in  an  extreme  case  one  high- 
tension  wire  is  grounded  there  will  be  a  strain  of  10000  volts  from 
t'.ie  other  line  wire  to  ground;  similarly,  if  one  extremity,  of  the 
high-tension  winding  be  connected  to  the  low-tension  winding  or 
to  the  core,  there  will  be  a  strain  of  10000  volts  from  the  other 
extremity  of  the  high-tension  winding  to  the  low-tension  winding 
or  to  the  core. 

The  actual  strain  between  adjacent  high-tension  and  low- 
tension  windings  is  equal  to  the  high-tension  voltage  plus  or 
r  inus  the  low-tension  volta<^e,  depending  upon  the  arrangement 
and  connection  of  the  coils;  but  as  the  low-tension  voltage  is 
usually  a  small  percentage  of  that  of  the  high-tension,  it  is  custo- 
mary to  assume  that  the  strain  between  windings  is  equal  to  that 
of  the  high-tension  voltage  alone. 

If  the  middle  or  neutral  points  of  high-tension  and  low-tension 
windings  are  grounded,  the  iron  core  being  also  grounded  (see 
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Fig.  2),  then  as  long  as  the  circuits  are  in  balance  the  voltage 
strains  will  be  the  same  as  with  the  windings  ungrounded,  and 
balanced ;  but  in  case  of  a  ground  on  either  high-tension  or  low- 


« 1000  V. * 


*. ^toooov. 


Fio.  1 

Single  PhAse 

1000  to  10000  Toitt 

Hazlmum  Strain  to  Ground 

10000  TOlU 


tension  line,  or  in  case  of  a  connection  between  high-tension  and 
low-tension  windings,  a  portion  of  the  windings  will  be  short-cir- 
cuited. This  will,  in  general,  blow  fuses  or  open  circuit-breakers, 
thus  cutting  the  transformer  out  of  service;  or  the  voltage  of  the 


FlO.  2 

single  Phase  Grounded  Central 8 

tOOO  to  10000  volts 

Maximum  Strain  to  Groand 

SOOO  volts 


system  will  be  lowered  to  such  an  extent  as  to  call  attention  to 
the  trouble. 

Thus,  on  a  single-phase  transmission  system,  the  grounding  of 
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the  neutral  point  of  primary  and  secondary  windings  will  limit 
the  strain  from  line  to  ground,  and  from  either  extremity  of  high- 
tension  to  low-tension  and  iron  to  approximately  one-half  the 
normal  voltage  of  the  system.  If  the  neutral  of  only  one  winding 
is  grounded,  the  strain  from  this  winding  to  ground  will  be  limited 
to  approximately  one-half  of  its  normal  voltage,  but  the  str^n 
from  the  un^^rounded  winding  to  ground  and  to  iron  and  to  the 
grounded  winding  will  not  be  thus  limited. 

In  considering  other  systems,  the  voltage  strains  between 
primary  and  secondary  will  not  be  mentioned,  as  these  strains 
are  easily  calculated  when  the  voltage  on  the  transformers  and 
the  strain  to  ground  is  known.  A  short-circ\iit  on  a  system  will 
be  assumed  to  cut  out  the  trasformers. 


Fig  8 

2-Pha»6-3-Wlr© 

1000  to  lOOOO  Foltfl 

Maxliuum  Strain  to  Ground 

14000  volts 

Two-Phas"E,  Four-Wire  System. 
The  2-phase,  4-wire  system  is  practically  a  double  single-phase 
system,  and  the  conditions  for  grounded  and  ungrounded  neutral 
will  be  the  same  as  for  single-phase. 

Two-Phase,  Three-Wire  System. 

The  voltage  across  the  two  outside  wires  is  1.4  that  between 
the  middle  and  either  outside  wire.  The  connections  and  volt- 
ivj,GS  are  shown  in  Fig.  3,  which  assumes  1000  to  10000  volt  trans- 
formers. 

A  ground  on  the  middle  wire  will  give  a  strain  of  10000  volts 
between  each  outside  wire  and  ground,  while  a  ground  upon  an 
outside  wire  will  give  a  strain  of  10000  volts  from  middle  wire 
to  ground,  and  of  14000  volts  from  the  other  outside  wire  to 
ground. 
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The  neutral  point  for  this  system  may  be  obtained  from  the 
middle  point  of  an  auto-transformer  connected  across  the  trans- 
former windings.  In  this  case,  a  ground  upon  any  Hne  wire  will 
cause  a  short-circuit  on  the  transformers,  thus  limiting  the  strain 
to  ground  to  approximately  .7  normal  hne  voltage. 

Thus,  with  a  2-phase-4-wire  or  a  2-phase-3- wire-system, 
grounding  the  neutral  Hmits  the  strain  from  line  wires  to  ground, 
in  the  first  case  to  one-half  normal  voltage,  in  the  second  case 
to  .7  normal  voltage. 

In  general,  the  method  of  obtaining  the  neutral  point  by  means 
of  auto-transformers  is  not  feasible  on  high-tension  systems  on 
account  of  the  comparatively  great  cost  of  an  auto-transformer 
wound  for  the  high-tension  voltage,  and  it  will  not  be  further 
considered  in  this  discussion. 


8-Ph*8e  Delta  Connection 

1000  to  10000  TOlts 

Maximum  Strain  to  Ground 

10000  TOlte 


Three-Phase,  Delta  System. 

With  this  system  shown  in  Fig.  4,  the  strain  from  any  line  wire 
to  ground  is,  with  the  system  in  perfect  balance,  58  per  cent,  of 
the  Hne  voltage.  In  case  of  a  ground  on  any  line  wire,  the  two 
remaining  wires  are  raised  to  full  line  potential  above  the  ground. 

With  this  connection  one  transformer  may  be  cut  out,  leaving 
two  connected  in  V,  and  the  above  conditions  will  not  be  changed. 

Three-Phase,  *'  V  "  System. 

With  transformers  connected  in  V,  the  strains  will  be  the  same 
as  when  connected  in  delta. 
Three-Phase,  **  T  "  and   Two-Phase-Three-Phase    System. 

With  either  the  T  or  2-phase-3-phase  connection  the  voltage 
strains  with  ungrounded  neutral  are  the  same  as  for  the  delta 
system.  The  neutral  point  may,  however,  be  obtained  from  the 
teaser  winding  (see  Figs.  5  and  6),  in  which  case  a  ground  upon 
any  line  wire  will  short-circuit  portions  of  the  windings. 
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With  the  3-phase-T  and  2-phase-3-phase  connection  the 
grounding  of  the  neutral  limits  the  voltage  between  line  and 
ground  to  58  per  cent,  of  normal. 

Star  System. 

With  transformers  connected  in  star  the  conditions  are  very 
similar  to  those  where  two  transformers  are  connected  with 
primary  windings  in  series  and  also  the  secondaries  in  series. 

Fig.  7  shows  such  a  series  combination,  neutral  not  grounded. 


Fia.5 
Three-phase  T  System.     1 .000  to  10,000  Volts.    Keutrml  Grounded.^ 
Maximum  Strain  to  Ground  5800  Volts. 


Two-Phi 


Fio.  6 
-Three-Phase  System.'   1000  to  10000  Volta 
Maximum  Strain  to  Ground  5800  Volls 


ffeutral  Grounded. 


The  total  line  voltage  will  divide  with  approximate  quality 
between  the  two  transformers.  Between  line  wires  and  ground 
there  will  exist  the  same  strain  as  with  a  single  transformer,  hav- 
ing the  same  total  voltage;  but  if  one  transformer  be  short-cir- 
cuited, the  full  voltage  will  be  concentrated  upon  the  other  trans- 
former so  that  the  internal  voltage  strains  on  this  transformer  will 
be  doubled  and  its  iron  loss  greatly  increased,  through  the  strain 
from  line  wires  to  ground  may  be  the  same  as  before. 
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If  the  series  connecticn  between  the  two  transformers  be 
grounded  (Fig.  8),  and  a  ground  occur  on  either  line  wire,  the 
transformer  connected  to  this  wire  will  be  short-circuited  and  the 
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Two  Transfonnen — 1000  to  lOOOQ  Volts.       Priman#4 

and  Second irim  iafieriei.       Bach  Transformer  takes* 
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FiQ.S 
Two  Transformers,  Primaries  and  Serondanes  m  Series. 
NeutraJl  Grounded       Ground  on  Outside  Line  Wire  Short 
Circuits  Ad  ja  rent  Transformer  and  Gives  Doubl;  Voir  age 
on  Other  Tranaformir.     Pull  Volta?e  Strain  to  Ground. 


other  transformer  will  take  the  full  voltage  of  the  circuit  and  the 

ungrounded  wire  will  be  raised  to  full  line  voltage  above  ground. 

Unless  the  leakage  current  of  the  transformer  working  at 
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double  voltage  is  sufHcient  to  open  the  circuit,  the  transformer 
may  continue  to  operate  indefinitely  under  the  above  conditions 
provided  it  does  not  break  iown,  due  to  excessive  heating  or  to 
the  double  voltage  strains  to  which  it  is  subjected. 

In  Fig.  9  is  shown  a  star-connected  group  of  transformers  with 
the  neutral  point  of  the  primary  and  of  the  secondary,  and  also 
that  of  the  generator,  grounded.     In  this  case  no  excessive  volt- 


Three-Phaae  Star  System.     Line  Volta«e  1000  and  10000  Volts.      TranaConner  Voltafl» 

180  and  ^800.    Grounds  on  Neutrals  of  Generator  and  Transformers.    Max.  Voltaces  Mr 

Transformer  6800.    Max.  Voltage  to  Ground  6800. 

age  can  occur  on  any  transformer,  and  the  strain  from  any  line 
wire  to  ground  is  limited  to  58  per  cent  of  full  line  voltage,  for  a 
ground  on  any  line  or  a  short  circuit  in  any  transformer  will 
short-circuit  the  generator. 

Fig.  10  shows  the  same  system  of  connection  but  with  the 
generator  ground  o.mitted.  In  this  case  a  ground  upon  a 
primar}'^  or  secondar}'^  line  will  short-circuit  one  transformer  of 
the  group  and  the  two  remaining  ones  will  be  operated  at  73  per 
cent,  above  normal  potential;  also  the  strain  between  the  un- 
grounded wires  and  the  ground  will  be  that  due  to  the  full  line 
voltage. 


Fio.  10 


Three-Phase  Star. 
Voha^e  1000  to  10.000 


Pnmaxy  and  Secondary  Neutrals  grounded.     Line 
Normal  transformer  voltages.  680  and  6800.   Ground 
on  one  line  wire  short  circuits  one  transformer,  increases  voltage  on  other 
transformers  73%.  raises  two  line  wires  10.000  volts  above  ground. 


Thus  for  a  star  connected  system  the  grounding  of  the  neutral 
points  is  of  no  value  in  limiting  the  voltage  strains  on  the  system 
unless  the  neutral  point  of  the  generator  be  also  grounded;  in 
fact,  the  grounding  of  the  transformers  without  the  grounding  of 
the  generator  increases  the  chance  for  trouble,  since  a  ground 
upon  any  line  wire  increases  by  73  per  cent,  the  voltage  of  two  of 
the  transformers. 
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Star-to-Delta  System. 

Fig.  11  shows  a  star-to-delta  system.     With  this  method  of 

connection  no  excess  voltage  can  be  obtained  on  any  transformer, 

and  not  more  than  full  voltage  strain  to  ground,  provided  the 

delta  remains  closed ;  but  with  the  delta  open  at  one  point  and  a 
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Star  to  Delta  System. 
Line  Vohasee  1000  and  10000. 
Transformer  V^ages.  580  and  10000. 


short-circuit  on  one  transformer  (Fig.  12),  the  voltage  on  the  two 
remaining  ones  will  be  increased  73  per  cent,  and  across  two  sides 
of  the  delta  there  will  be  three  times  normal  voltage.  Thus,  on  a 
10000  volt  circuit,  30000  volts  may  be  obtained  in  case  a  trans- 
former is  short  circuited  and  cut  out  of  the  delta. 

This  excess  voltage  across  the  two  sides  of  the  delta  is  due  to 
the  fact  that  a  short-circuit  on  the  star  changes  the  angular 
position  of  the  voltages  from  120°  to  60°,  which  in  turn  changes 
the  angular  position  in  the  delta  from  60°  to  120°. 

Delta-to-Star  System. 
With  this  system  it  is  impossible  to  obtain  voltages  higher  than 
normal  upon  any  transformer  or  between  any  two  line  wires.     A 
short-circuit  in  one  transformer  may,  however,  cut  it  out  of  the 


Fio.  12 

Same  as  Fag.  11  excejit  that  Delta  is  opened  and  one  transfonner  rhort 
ctreuited.  Voltage  of  two  tzansformers  increased  78%.  Voltage  between 
two  fine  wires  increased  300%. 


delta  but  leave  the  star-connection  intact.  In  such  a  case  the 
voltages  will  be  as  shown  in  Fig.  13.  Two  of  the  transformers 
operate  at  nonnal  potential,  with  normal  potential  between  two 
of  the  line  wires,  but  with  58  per  cent,  of  normal  between  the 
other  wires. 
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Star-to-Delta,  Raising.  Delta-to-Star,  Lowering. 
In  Fig^  14  is  shown  a  transmission  system  with  raising-trans- 
formers connected  star-to-delta,  and  lowering-transformers  con- 
nected delta-to-star.  The  voltages  obtained  across  transformers 
and  across  line  wires  are  shown.  The  neutral  points  of  the  low- 
tension  windings  of  both  raising  and  lowering-transformers  are 
grounded,  generator  neutral  not  grounded. 


T 


A 


0  VOLTS 
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Three-PhaM  Delta  to  Star  System.  Line  voltages  1000  and  10000. 
Transformer  voltage  1000  and  5800  One  transformer  short  circuited  and  cut 
out  of  Delta.  Two  transformers  continue  to  operate  at  normal  voltage, 
.^ving  10000  volts  across  two  line  wires.  5800  volts  acrof^  others. 


Fig.  15  shows  the  voltages  which  will  be  obtained  with  a 
ground  on  one  low-tension  lead  which  short-circuits  one  trans- 
former. The  high-tension  side  of  this  transformer  is  cut  out  of 
the  delta.  The  voltage  across  the  other  transformer  is  increased 
73  per  cent,  and  the  phase  relation  changed  from  120°  to  60°,  the 
voltages  being  as  shown  in  Fig.  12.  On  the  lowering-delta,  three 
times  normal  voltage  is  impressed  on  one  transformer  and  73  per 
cent,  above  normal  voltage  on  the  other  two.  The  voltages 
obtainable  across  the  star  on  the  lowering-transformers  are 
readily  understood  from  the  figure.  It  will  be  noted  that  across 
one  phase  there  is  normal  voltage  and  across  the  other  two  phases 
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Star  to  Delta  Raisinff     Delta  to  Star  Lowering      Neutral  of  Raising 
and  Lowering  Transformers  grounded. 

Line  Voltages  1000  to  lOOOO  to  1000     Transformer  Voltage  580  to  1000  to  680. 


2.7  times  normal  voltage.  It  is  probable  that  a  transformer  sub- 
jected to  three  times  nomial  voltage  would  take  so  large  a 
leakage  current  as  to  blow  fuses. 

With  this  system  of  connections,  grounding  the  neutral  point 
of  the  star  without  a  ground  upon  the  neutral  point  of  the  gen- 
erator is  of  no  use  in  preventing  unequal  and  excessive  strains  on 
the  transformers  and  from  line  wires  to  ground.     Should  the 
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delta  on  the  raising -transformers  be  kept  closed,  it  is  obvious  that 
a  short-circuit  on  any  raising-transformer  would  short  circuit  the 
generator,  but  the  above  condition  is  one  which  might  very 
possibly  occur  where  switches  or  fuses  are  placed  inside  the  delta. 

Delta-to-Star,  Raising.     Star-to-Delta,  Lowering. 


<5^ 
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Pro.  15 

Same  ai  Pi«.  14.  except  that  one  raisnff  tranifonner  is  Bhort<irctiited 
and  cut  out  of  ueltsc 

Voltages  on  raising;  t^anaformer  73%  abov^  normal  and  aero. 
Voltages  on  lowering  transformer  7s%  above  normal  and  200%  above  nonnaL 
Voltages  on  high  tension  line  73%  above  normal  and  200%  above  normal. 
Voltages  on  secondary  of  lowering. transformer  normal  and  170%  above  normal. 


Fig.  16  shows  voltages  obtained  under  normal  conditions  with 
transformers  connected  delta-to-star  and  star-to-delta  with  low- 
tension  and  high-tension  voltages  of  1000  and  10000  respectively. 

Fig.  17  shows  approximately  the  voltages  and  phase  angles 
obtained  when  one  raising-transformer  is  short  circuited  and  cut 
out  of  the  delta,  but  with  the  star  connection  intact.  The 
voltages  obtained  on  the  lowering-delta  will  be  approximately 
those  shown.  It  will  be  noted  that  this  delta  has  been  twisted 
far  out  of  its  normal  form,  though  the  voltage  on  no  transformer 
has  been  raised  above  normal  and  on  the  lowering-transformer 
all  voltages  are  below  normal. 

Fig.  18  shows  the  same  connection  but  with  one  lowering -trans- 
former short-circuited  and  cut  out  of  the  delta.  The  voltage 
across  one  of  the  remaining  transformers  is  increased  73  per  cent, 
while  that  across  the  other  remains  normal.  The  voltage  across 
the  open  side  of  the  secondary  delta  is  increased  165  per  cent. 
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Fro.  16 
Delta-to-Star  Raising.    Star-to-Delta,  Lowering.     Neutrals  not  grounded. 

Line  voltages  1000  to  10000  and  1000;    transformer  voHages  1000  and 
5800  to  1000. 


above  normal ;  that  on  one  transformer  73  per  cent,  above  normal 
and  on  the  other  it  is  normal. 

If  the  neutral  points  of  raising  and  lowering  transformers  are 
grounded  the  abnormal  conditions  shown  in  Figs.  17  and  18 
cannot  be  obtained,  for  in  this  case,  with  the  lowering-delta  closed 
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as  in  Fig.  17,  the  fuses  will  be  blown  when  a  lowering-transformer 
is  short-circuited ;  and  with  the  delta  open  as  shown  in  Fig.  18, 
a  short-circuit  in  the  lowering-transformer  will  short  circuit  the 
generator. 

Some  abnormal  conditions  which  may  be  obtained  from  a  few 
of  the  possible  combinations  of  transformers  have  been  given 


Fio.  17 

Same  aa  Fig.  19.  except  that  raisiag  Delta  it  open  and  one  tzantfoiiBer 
thort  circuited.  Voita^e  on.  lowering  txanaformen  less  than  nonnai  Nota 
the  extent  to  which  the  Delta  is  distorted.  If  neutral  points  of  raising  and 
lowering  transformers  be  grounded,  this  distortion  cannot  occur,  as  fuses 
will  blow  when  raising  tranaormer  is  short  circuited. 

above.  These  abnormal  conditions  are  produced  by  combina- 
tions which  are  accidental  or  unusual ;  but  it  is  the  accidental  or 
unusual  condition  which  must  be  taken  into  consideration  and 
guarded  against,  if  trouble  is  to  be  avoided.  Some  of  the  condi- 
tions which  are  shown,  undoubtedly  have  occurred  in  practice 
and  are  possibly  responsible  for  some  of  the  troubles  on  high- 
voltage  transmission  systems. 

It  is  obvious  that  a  large  number  of  combinations  of  raising  and 
lowering-transformers  in  addition  to  those  given  above  may  be 
obtained,  and  in  the  following  tables  it  has  been  endeavored  to 
give  the  most  common  of  these  combinations  and  to  show  the 
abnormal  conditions  which  are  obtainable. 

Resonance, — The  abnormal  voltages  given  above  are  those 
which  are  obtained  from  the  generator  pressure  through  direct 
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Fio.  18 
Same  a.<!  Pig.  16.  except  that  lowering  Delta  is  open  and  one  transformer 

short  circuited. 

Voltages  on  raising  transformers  normal  and  0. 

Voltages  on  lowering  transformers  normal,  73%  above  normal  and  0.  

Voltages  across  secondaries  normal,  73%  above  normal  and  165%  above  narmal. 

transformation.  Mr.  Rlackwell,  in  his  ])aper,  "  Star  or  Delta 
Connection  of  Transfonners,"  has  called  attention  to  another 
< 'luse  which  may  produce  abnormal  voltages,  i.e.,  Resonance. 
This  is  particularly  liable  to  occur  when  a  high  inductance,  such 
as  the  windini:^  of  an  idle  transformer  is  in  series  with  a  large 
capacity,  such  as  that  of  a  transimssion  line. 
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In  the  tables  below,  where  the  combination  is  such  as  to  give 
an  idle  transforn  er  in  series  with  an  active  transformer  and  a 
transHiission  circuit,  it  is  indicated  in  the  column  headed  "Reso- 
nance." 


Table  I. 

Systems  of  Connecting  Transformers  with  Voltage  Strains 
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In  the  above  tables,  it  has  not  been  attempted  to  show  all  the 
operating  conditions  with  each  of  the  combinations.  The  re- 
maining ones  may,  however,  be  readily  worked  out. 

In  addition  to  the  combinations  given  above  there  are  the 
2-phase-3-phase,  3-phase-V  and  3-phase-T  connections  which 
may  be  used  at  either  the  raising  or  the  lowering  ends.  When 
used  for  raising-  transformers,  these  combinations  will  deliver  their 
proper  voltages  to  the  line  provided  the  proper  voltages  are  im- 
pressed on  their  primary  terminals,  as  it  is  impossible  by  short- 
circuiting  one  transformer  to  raise  the  voltage  of  the  other. 

When  used  as  lowering-transformers  these  combinations  will 
supply  to  the  secondary  circuits,  voltages  of  proper  amount  and 
bearing  the  proper  phase  relation  to  each  other,  provided  the 
voltages  impressed  on  the  primary  side  are  of  proper  amount  and 
proper  phase  relation  to  each  other.  If,  however,  the  voltages 
applied  to  the  primary  are  distorted  then  the  voltages  deUvered 
by  the  secondaries  will  be  correspondingly  distorted. 

Grounded  Neutrals. — It  will  be  noted  that  in  many  cases  the 
grounding  of  the  neutral  points  of  a  transmission  system  limits 
the  voltage  strain  to  ground  and  the  voltage  which  may  be  ob- 
tained across  any  transformer,  and  in  such  cases  grounding  would 
seem  advisable.  This  is  notable  in  the  case  of  the  star-system 
with  grounds  on  transformer  and  generator  neutrals.  There  is, 
however,  a  danger  arising  from  this  grounding  which  should  be 
carefully  considered.  In  case  of  trouble  on  the  circuits,  current 
may  flow  through  the  ground  to  the  neutral ;  in  thus  flowing  it 
will  naturally  take  the  path  of  least  resistance,  so  that  if  telephone 
or  telegraph  lines,  which  have  normally  low  resistance  to  ground, 
parallel  the  transmission  circuit,  the  current  will  flow  along  these 
wires,  often  with  disastrous  results  to  the  circuits. 

Two  cases  of  trouble  are  particularly  liable  to  give  these  con- 
ditions: 

First : — Where  the  neutral  points  of  the  high-tension  windings 
of  raising  and  lowering -transformers  are  grounded,  the  opening  of 
one  or  two  of  the  three  transmission  wires  will  cause  currents  ta 
flow  through  the  ground. 

Secondly: — A  high  resistance  ground  on  a  transmission  wire 
will  partially  short  circuit  a  transformer  and  cause  current  to  flow 
through  the  ground  to  the  neutral. 

Some  plants  have  been  able  to  operate  satisfactorily  with 
grounded  neutrals;  with  others  this  grounding  has  caused  great 
disturbance  on  telephone  circuits,  and  in  one  plant  it  is  reported 
that  the  blowing  of  a  fuse  on  one  of  the  high-tension  wires  put  out 
of  service  the  telephone  systems  in  '*  ten  counties."  Thus,  while 
grounding  of  neutrals  may  be  permissible  in  certain  locahties  it 
may  not  be  allowable  in  others ;  and  in  laying  out  a  plant  it  would 
seem  to  be  advisable  so  to  arrange  the  apparatus  that  it  may  be 
safely  operated  without  grounding  the  neutrals. 

An  examination  of  the  tables  given  on  pages  401,  402,  403, 
404,   indicates    that    the  delta-system   is    the   one  giving  the 
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minimum  chance  of  trouble.  Under  certain  conditions,  however, 
the  star  and  star-delta  systems  will  give  satisfactory  service. 

The  choice  of  a  system  of  connections  for  any  high-voltage 
transmission  system  is  evidently  a  matter  which  should  be  care- 
fully considered,  account  being  taken  of  the  possibility  of  obtain- 
ing excessive  voltages  under  accidental  conditions,  the  chance  of 
trouble  on  parallel  circuits,  due  to  grounded  neutrals,  and  the 
possibility  of  obtaining  resonance  when  switching  or  under  other 
similar  conditions. 

President  Scott: — The  question  of  grounding  one  point  of  a 
transmission  line  is  a  very  important  one,  and  it  is  one  which  has 
received  a  good  deal  of  attention  during  the  last  few  years.  I 
remember  when  some  engineers  with  whom  I  was  acquainted 
went  West  to  visit  transmission  plants,  I  asked  them  to  look 
into  that  point  particularly,  and  from  the  evidence  which  they 
got,  and  from  the  evidence  that  I  obtained  when  I  took  a  trip 
West  some  time  ago,  and  from  what  I  have  heard  since,  I  have 
concluded  this — that  some  plants  grounded  the  neutral,  and  its 
engineers  considered  it  safe  and  would  never  think  of  running 
in  any  other  way,  while  the  engineers  of  plants  which  did  not 
ground  the  neutral  would  never  think  of  doing  such  a  thing.  It 
is  an  important  question;  it  is  partly  theoretical,  it  is  largely 
practical  and  one  which  is  not  yet  settled.  We  should  like 
particularly  to  hear  from  out  western  friends  on  this  point.  The 
subject  is  open  for  discussion. 

Mr.  Hay  ward: — As  you  say,  Mr.  President,  this  has  been  a 
subject  of  discussion  for  a  good  while,  as  to  whether  to  ground 
or  not  to  ground,  and  our  friend  Mr.  Nunn  has  been  operating 
his  lines  grounded  from  the  very  start,  but  I  believe  Mr.  Gerry  is 
operating  without  ground.  We,  with  our  16,000  or  17,000  lines, 
have  operated  with  a  double  delta  connection  without  anv 
grounds  on.  The  experiences  we  have  had  without  grounds  are, 
of  course,  that  you  may  have  a  short  circuit  on  one  wire,  and  the 
wire  down,  and  you  could  still  keep  running.  Still,  I  believe — 
and  this  is  only  an  opinion — that  when  we  get  up  to  any  very 
high  voltage,  after  all  it  is  better  to  ground  the  neutrals  and 
keep  them  grounded  everywhere.  It  is  better,  I  think,  to  avoid 
any  chance  of  these  extra  high  voltages  that  may  occur,  and  I 
want  to  say  very  emphatically  that  they  have  occurred  in 
practice,  where  some  of  the  conditions  mentioned  by  Mr.  Peck 
and  some  mentioned  by  Mr.  Blackwell  have  held.  I  therefore 
think  that  it  is  probably  best  to  ground  every  neutral  point.  We 
are  changing  from  a  delta-delta  connection  to  what  will  be  a  Y 
to  delta  connection  and  various  other  connections  which  we  have 
not  been  running  hitherto,  simply  because  we  are  changing  our 
voltage  on  the  high  tension  lines  from  16,000  to  28,000,  and  we 
intend  to  change  our  distribution  in  Salt  Lake  City  from  2,300 
volt  to  Y-connected  3,S00  volt.  Of  course,  we  all  recognize  the 
difficulty  of  a  single  short  circuit  on  a  line  with  grounded  reutral 
single  breakdown  on  the  line  with  grounded  neutral— 
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means  short  circuit.  Yet,  after  all,  we  have  to  recognize  this, 
that  our  lines  must  be  made  so  that  they  will  not  break  down. 
There  is  just  one  point — the  rise  of  potential  mentioned  in  Mr. 
Blackwell's  paper,  page  388 — the  conditions  holding  in  Fig.  3  or 
4,  I  don't  know  exactly  which,  actually  occurred  in  testing  a 
transmission  line  in  1897.  The  conditions  were  that  we  had  37 
miles  of  line.  We  connected  the  two  circuits  on  the  pole  line  to- 
gether solidly,  making  a  line  out  and  back  of  74  miles.  We  got  a 
delta-star  connection  and  tried  to  see  what  the  charging  current 
on  the  line  was.  Having  tried  with  the  three  switches  closed,  we 
then  thought  we  would  like  to  see  what  it  would  be  with  only  two 
switches  closed;  and  as  soon  as  we  got  up  to  about  25,000  or 
26,000  volts  an  arc  jumped  across  the  wires,  12  inches  apart. 
Not  only  did  it  do  it  once,  but  it  did  it  every  time.  That  is  the 
condition  mentioned  by  Mr.  Blackwell  right  here.  If  you  get 
the  conditions  that  are  laid  down  here  they  will  occur  sooner  or 
later  in  practice,  and  they  will  find  out  your  weak  spot. 

President  Scott: — Mr.  Gerr>%  we  turn  now  naturally  to  you. 

Mr.  Gerry: — I  do  not  know,  Mr.  President,  whether  I  can 
add  anything  of  value  to  this  discussion.  The  selection  of  either 
the  Swar  or  the  delta  system  of  connecting  transformers  is,  to  a 
certain  extent,  a  matter  of  engineering  detail.  I  say  this  for  the 
reason  that  I  believe  satisfactory  results  can  be  obtained  by  the 
use  of  a  star  connection,  although  not  quite  as  good  results  as  by 
the  use  of  a  delta  connection,  on  a  transmission  line.  The  points 
of  advantage  and  disadvantage  have  been  referred  to  generally 
by  Mr.  Blackwell  and  Mr.  Peck.  The  points  brought  out  by 
Mr.  Peck  are  of  great  interest,  but  a  plant  can  be  arranged  in  such 
a  manner  as  to  avoid  practically  all  the  dangerous  conditions 
outlined  foi*  a  plain  star  system.  It  is  possible  to  provide, 
switching  devices  of  such  a  nature  that  all  three  transformers 
will  be  cut  out  automatically,  at  the  same  time,  in  case  of  trouble 
with  any  one;  or  if  a  ground  appear  on  the  system,  and  this 
should  always  be  done  on  a  star  connected  transmission  line, 
even  if  the  neutral  be  grounded  at  the  generators  in  addition  to 
grounding  at  the  transformers. 

Mr.  Peck,  in  introducing  his  discussion,  says:  "  By  the  ground- 
ing of  the  neutral  point  of  a  transmission  system,  it  is  sought, 
first,  to  limit  the  strain  from  line  wires  to  ground.**  Only  a 
short  time  ago  that  was  considered  of  great  importance  as  reduc- 
ing the  strains  on  the  insulation  of  the  line.  As  a  matter  of  fact, 
that  does  not  limit  the  possible  strain  on  the  insulators  to  the 
pressure  from  wire  to  neutral.  Even  with  all  the  neutrals 
grounded  at  the  ends  of  the  transmission  lines,  it  is  possible, 
owing  to  the  resistance  of  the  ground  circuit,  to  have  on  the 
insulators  the  full  line  pressure  between  wires.  In  other  words, 
even  with  a  grounded  neutral  at  the  generators,  it  is  possible 
locally,  at  points  on  the  transn-ission  line,  to  have  the  same 
pressure  between  the  ground  and  any  one  line,  that  you  have 
between  any  two  wires  of  the  circuit.     Mr.  Blackwell,  in  referrin  ; 
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to  the  advantages  of  a  grounded  neutral,  in  several  instances 
states  that  in  case  of  trouble,  such  as  a  ground  on  one  of  the 
wires,  the  result  will  be  immediately  to  open  the  automatic 
devices  and  cut  off  tlie  transformer  coils  from  the  line.  Now, 
the  same  result  can  be  accomplished  with  a  delta  connected 
system,  by  means  of  suitable  automatic  devices  and  without 
throwing  a  short  circuit  on  the  system. 

There  are  a  number  of  operating  advantages  of  the  delta  con- 
nection, one  of  which  I  will  mention.  A  transformer  may  be 
cut  in  and  out  of  service,  in  and  out  of  delta,  with  very  great 
convenience  and  with  no  disturbance  of  the  system,  and  con- 
siderable operating  advantage  is  thereby  obtained,  especially 
where  the  nun.ber  of  transformers  is  limited.  It  has  just  been 
suggested  that  one  advantage  of  the  star  system  is  that  it  is 
possible  to  put  in  transformers  connected  in  delta,  and  after- 
wards increase  the  voltage  by  changing  over  to  a  star  connection. 
As  a  rule,  however,  I  believe  it  would  be  better  to  arrange  the 
switches  for  delta  connection,  and  accomplish  the  desired  result 
by  double  winding  the  transformers,  operating  the  coils  at  first  in 
parallel,  and  later  in  series. 

Mr.  Converse: — Mr.  Hayward  referred  to  the  plant  of  the 
Telluride  Power  Company.  I  have  had  considerable  to  do  with 
the  transformers  of  that  plant.  It  is  an  old  plant,  at  least  we 
consider  it  so  now.  I  would  say  that  those  transformers  were 
built  for  star  connection  on  a  high-voltage  and  a  low-voltage, 
and  we  have  had  some  results  there.  A  great  many  things 
have  happened  there,  and  I  would  ask  Mr.  P.  N.  Nunn,  Chief 
Engineer  of  the  Telluride  Power  Company,  who  is  here,  to  tell 
us  something  of  them. 

President  Scott: — I  had  it  in  my  mind  to  call  on  Mr.  Nunn 
very  shortly.  Mr.  Nunn's  work  has  figured  largely  in  our 
Institute,  both  in  papers  which  have  been  presented  and  in 
discussions  from  time  to  time;  but  Mr.  Nunn  himself,  who  has 
been  so  intimately  connected  with  a  great  deal  of  this  high- 
voltage  and  pioneer  work,  has  not  been  very  much  in  evidence. 
We  are  very  fortunate  in  having  him  here. 

Mr.  p.  N.  Nunn: — In  our  Utah  system,  star  connected 
transformers  with  grounded  centers  have  been  the  rule,  although 
the  initial  transmission  employed  three-phase  two-phase  step- 
down  transformers. 

TransTiission  difficulties  have  been  chiefly  traceable  either  to 
outside  interference  with  our  lines,  or  to  the  opening  of  circuits, 
especially  by  fuses.  The  line  system  is  rather  complex,  the 
main  transmission  consisting  of  duplicate  three-phase,  three- 
wire,  40.000  volt  lines  extending  from  the  Provo  to  the  Logan 
power  house,  a  distance  of  approximately  two  hundred  miles, 
through  the  several  markets  of  Salt  Lake  Valley.  These  are 
divided  into  sections,  and  so  arranged  that  a  defective  section 
will  cut  out  without  interrupting  the  whole  system.  Until 
recently  we  have  been  obliged  to  protect  the§e  sections,  as  well 
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as  our  generating  and  substations,  with  fuses  and  to  switch  at 
the  same  points  with  air-brake  switches.  Neither  of  these  de- 
vices has  been  satisfactory.  The  blowing  of  a  single  fuse  is  often 
followed  by  the  blowing  of  others,  sonietinies  at  distant  points > 
and  the  opening  or  closing  of  switches  sometimes  produces  the 
same  result,  it  seemis  imperative  that  all  wires  of  a  circuit 
should  be  opened  or  closed  simultaneously,  and  in  this  respect 
the  automatic  triple-pole  oil-switches,  with  time-limit  attach- 
ment, which  are  now  being  installed,  should  prove  invaluable. 

The  mere  opening  or  closing  of  circuits  may  have  caused  ex- 
cessive rise  of  voltage,  as  we  certainly  have  had  at  times  some 
abnormal  rises.  I  recall  clearly  one  instance  wLen  current 
jumped  a  full  eight  feet  from  a  conductor  to  the  steel  framework 
of  the  roof  of  the  station.  This  may  have  been  due  to  atir.os- 
pheric  disturbances,  although  there  were  no  indications  of 
lightning. 

From  the  first  we  found  that  a  ground  on  one  line  did  not  short- 
circuit  the  generator,  and  noticed  that  the  first  indication  of  such 
a  ground  was  the  arcing  of  the  current  over  the  lightning  ar- 
resters. Investigation  of  the  conditions  led  to  the  discovery 
that  we  had  full  line  voltage  between  the  remaining  Hnes  and 
ground,  which  accounted  for  the  disturbance  on  the  arresters, 
and  also  full  line  voltage  on  the  a.ctive  transformers,  instead  of 
the  normal  58  per  cent,  of  line  voltage.  No  transforrr.ers  have 
ever  been  burned  out  due  to  this  condition,  and  no  serious  incon- 
venience has  been  suffered  so  far  as  I  know. 

This  plant  has  been  in  operation  nearly  six  years,  employing 
as  stated,  star-connected,  grounded  center  transformers  and  on 
the  wliole  has  been,  I  think,  a  pronounced  success.  Whether 
the  difficulties  mentioned  have  been  aggravated  by  the  connec- 
tions of  the  transformers,  or  whether  we  would  have  suffered  less 
with  delta-connected  transformers,  I  do  not  know. 

President  Scott: — I  would  like  to  ask  Mr.  Nunn  about  one 
point.  You  have  grounded  the  central  point  of  the  high-tension 
system.  Is  the  central  point  of  t!:e  generator  grounded  pri- 
marily ? 

Mr.  Nunn: — The  central  points  of  both  low  and  high-tension 
winding  of  the  step-up  transforn.ers  are  grounded.  The  gener- 
ator winding  is  not  otherwise  grounded. 

Mr.  Thomas: — Mr.  Blackwell's  paper  contains  a  stateir.ent  on 
page  388  which  I  think  needs  a  little  further  explanation — the 
last  paragraph: 

'*  It  is  theoretically  possible  for  a  potential  100  times  that  for 
which  a  transformer  is  wound,  to  be  caused  by  opening  the 
primary  switches,  etc.'* 

Of  course  this  is  true  if  we  neglect  all  true  'energy  losses  in  the 
syste:n,  but  there  is  inherently  linked  with  the  condition  which 
he  speaks  of  here  an  energy  loss  which  must  necessarily  limit  this 
rise' of  potential  very  materially.  That  will  probably  bear  a 
little  furth?r  anulvsis. 
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The  conditions  of  resonance  at  normal  generator  frequencies, 
as  shown  in  most  all  these  discussions,  requires  that  the  leading 
current  to  a  transformer  line  pass  through  a  transformer  in 
one  winding,  the  other  winding  being  open  circuit  The  only 
way  it  is  possible  to  get  a  high  enough  inductance  to  meet  the 
condition  for  resonance  is  by  means  of  iron  in  the  magnetic 
circuit  in  the  transformer.  As  we  all  know,  there  is  a  con- 
siderable true  loss  represented  by  the  energy  taken  by  an  open 
circuited  transformer — open  circuited,  I  mean,  in  the  other 
winding.  In  some  designs  I  have  looked  over,  this  true  loss  is 
almost  as  great  as  the  apparent  loss,  though  not  quite  so  great. 
In  other  designs  the  true  loss,  I  presume,  may  be  half  as  great 
as  the  apparent  loss.  Now,  the  resonance  results  from  the 
action  of  the  potential  from  some  generating  source,  which 
builds  up  oscillations  in  the  oscillating  circtiit.  This  generator 
must  supply  the  true  loss.  If  the  true  loss  is  nearly  half  the 
total  apparent  energy,  taken  by  the  transformer  when  connected 
across  the  mains, — I  mean  the  total  energy,  now,  considering 
impedance — then  if  we  should  by  resonance  increase  to  double 
this  true  loss  by  increasing  the  voltage  on  the  transformer,  no 
higher  potential  can  be  built  up,  because  all  the  true  energy 
supplied  by  the  generator  is  absorbed.  This  can  be  made  a 
little  clearer  by  considering  the  formula  which  gives  the  result 
of  the  current  in  the  circuit  containing  inductance,  capacity  and 
resistance  when  conditions  are  right  for  resonance. 


Resonance  Current  = 


General  Voltage 


X  Sin  \  /?  /  —  tan*  — -^  -  I 

This  formula  states  that  the  current  equals  the  potential 
applied  from  the  generator,  divided  by  the  true  impedence  of 
the  circuit,  which  can  never  be  less  than  the  ohmic  resistance /\. 
If  this  allows  only  double  current  on  normal  voltage,  resonance 
can  cause  no  greater  rise.  Since  the  ratio  between  the  true  loss 
and  the  apparent  loss  of  transformers  changes  materially  with 
changing  induction  in  the  iron,  and  when  above  saturation  the 
magnetizing  current  goes  up  very  fast  in  proportion  to  the  true 
energy  current  turns,  it  follows  tl.at  perl:aj)s  the  resonant  current 
may  have  to  increase  several  times  to  cause  a  doubling  of  the 
true  loss.  This  suggests  another  point  if  you  have  the  proper 
frequency  for  resonance,  before  e.m.f.  is  applied,  assuming 
normal  maj^netic  induction  in  the  iron  of  the  transformer.  Then 
if  resonance  builds  up  the  voltage  to  perhaps  three  or  four  times 
normal  potential,  the  induction  of  the  transformer  has  also 
changed  very  materially  on  account  of  the  greater  magnetizing 
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current  causing  a  great  lessening  of  permeability  and  a  reductio: 
of  the  inductance  as  a  choke-coil.  Consequently  the  natura 
frequency,  of  the  generator,  which  should  give  resonance  wil. 
perhaps  be  several  times  larger  than  before  the  rise  of  potential 
started.  It  is  thus  quite  unlikely  with  this  type  of  choke-coil 
that  resonance  would  reach  a  ver>'  high  value,  even  if  it  were  not 
limited  by  the  true  loss.  However,  when  the  inductance  through 
which  the  resonance  occurred  is  not  denied  for  a  closed  magnetic 
circuit,  as  in  the  case  discussed,  the  true  loss  is  a  very  small 
percentage  of  the  total  apparent  energy  and  no  low  limit  to  the 
resonance  rise  can  be  thus  assumed. 

In  regard  to  static  resonance — I  mean  resonance  at  very  high 
frequencies,  where  choke-coils  without  rim  coils  might  have  the 
proper  resonance  values — it  seems  to  me  there  is  little  danger  of  a 
very  considerable  rise,  because,  so  far  as  I  know,  there  is  no 
source  of  continuous,  constant  value  alternating  e.m.f.  at  a  very 
high  frequency.  Most  discharges  we  get  are  perhaps  oscillatory, 
but  they  lose  their  intensity  ver}*-  rapidly,  two  or  three  oscilla- 
tions, only,  probably,  having  anywhere  near  the  maximum 
values  of  potential. 

I  would  like  to  ask  Mr.  Mershon,  in  the  absence  of  Mr.  Black- 
well,  whether  Figs.  5  and  6  on  page  389  should  not  show  a 
ground  on  either  line  A  or  C,  or  some  form  of  unbalancing.  As 
those  stand,  I  do  not  believe  that  resonance  can  occur.  For 
instance,  in  Fig.  5,  we  have  the  natural  tendency  when  the  gener- 
ator excites  the  lines  for  changing  current  to  pass  from  B  to  A 
and  from  B  to  C,  but  these  currents  will  be  equal  if  there  is  no 
unbalancing,  and  since  they  pass  in  opposite  directions,  through 
the  halves  of  that  idle  transformer,  there  would  be  no  choking 
effect  except  the  small  amount  due  to  the  magnetic  leakage  of 
the  transformer.  In  Fig.  6,  the  natural  tendency  is,  for  the 
charging  current  to  pass  from  A  to  C,  and  even  if  the  line  B  is 
connected  at  the  middle  point  of  the  transformer,  it  is  naturally 
at  earth's  potential  and  would  never  receive  any  charging  cur- 
rent at  all.  Of  course,  if  either  line  is  then  balanced  or  grounded 
there  then  appears  a  condition  for  resonance.  Am  I  right  in  this 
conclusion  ? 

Mr.  Lincoln: — Just  one  point;  I  was  going  to  mention  a 
number,  but  Mr.  Thomas  has  got  in  ahead  of  me  on  the  others. 
One  point  struck  me  in  connection  with  the  stateiiient  of  Mr. 
Blackwell,  that  theoretically  100  times  normal  potential  was 
possible  in  a  condition  of  this  kind — resonance.  In  that  con- 
nection I  was  very  much  interested  in  reading  a  contribution 
by  Mr.  M.  I.  Pupin,  contributed  to  the  Transactions  of  this 
Institute  in  1893,  in  which  he  showed  how  ver\'  difficult  it  was 
to  maintain  resonance  with  iron  circuits.  He  showed  that 
resonance,  where  there  was  no  iron  in  the  inductance,  was  very 
marked,  but  as  soon  as  iron  was  introduced  into  his  coils  the 
difficulty  of  obtaining  resonance  conditions  became  extremely 
marked  and  very  difficult  to  obtain;  and  that  same  condition 
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would,  I  think,  apply  here,  where  you  have  iron  in  the  circuit  of 
the  choke-coil,  and  would  prevent  a  rise  in  voltage  anywhere  near 
approaching  that  stated  by  Mr.  Blackwell. 

Mr.  Peter  Junkersfeld: — In  Chicago  we  have  been  operat- 
ing a  4-wire-3-phase-60-cycle  overhead  system  with  a  grounded 
neutral  for  about  three  years.  The  generators  are  star  con- 
nected, and  the  common  point  is  connected  to  the  ground.  It 
has  been  very  successful  from  the  start.  We,  however,  ground 
in  the  station  only,  and  do  not  ground  any  other  point  of  the 
primar}'  system.  The  neutral,  on  the  secondar\'  of  transformers, 
is  also  grounded. 

In  our  underground  system,  which  is  operated  at  9,000  volts 
and  25  cycles,  we  likewise  operate  now  with  the  grounded  neutral. 
For  the  first  four  or  five  years*  development  while  the  voltage  was 
only  4,500,  we  had  step-up  transformers  and  they  were  con- 
nected in  delta,  but  the  next  step  beyond  that  was  to  double  the 
voltage  to  9,000  and  install  line  voltage  generators,  which  have 
been  operated  with  the  grounded  neutral.  There  is  one  thing 
though  that  we  have  discovered,  or  rather  which  has  been 
brought  to  our  attention  very  forcibly.  That  is,  the  necessity 
of  doing  away  with  single-pole  switches  and  fuses,  and  things  of 
that  sort.  We  have  nothing  but  straight  3-pole  oil-switches. 
We  have  no  plug  change-overs,  or  fuses  or  single-pole  switches. 
Those  have  all  been  done  away  with,  and  we  believe  it  is  very 
necessary  to  do  so. 

I  might  say  that  a  great  many  of  the  conditions  that  are  laid 
down  here  by  Mr.  Peck  and  Mr.  Blackwell,  as  Mr.  Hay  ward  very 
forcibly  brought  out,  do  occasionally  occur  in  practice,  and  that 
is  something  which  needs  a  great  deal  of  attention.  As  regards 
the  delta  or  star-connection,  in  our,  experience  we  have  found 
that  the  number  of  transformer  troubles  are  after  all  compara- 
tively few.  In  six  years  I  can  recall  only  four,  possibly  five, 
cases  of  serious  transformer  trouble  in  substations.  With  the 
increase  in  the  number  of  transformer  and  rotary  converter 
units  feeding  an  interconnected  network,  we  have  come  to  the 
conclusion  that  the  advantage  of  having  delta-connected  trans- 
formers in  order  to  be  able  to  cut  out  one  of  the  bank  and  operate 
with  two,  is  not  very  great.  In  the  earlier  history,  when  our 
installations  were  small  and  few  in  number,  it  was  an  advantage 
to  have  the  delta-connected  outfit,  but  with  a  larger  number 
that  advantage  disappears,  and  to-day  we  are  installingY-con- 
nected  3-phase  transformers,  the  idea  being  that  these  trans- 
former accidents  occur  ver\'  rarely,  and  when  they  do  occur  a 
whole  unit  is  usually  shut  down,  in  any  event  for  a  short  time, 
and  we  can  then  just  as  well  afford  to  have  it  shut  down  until 
such  time  when  the  whole  3-phase  outfit  can  be  replaced. 

Mr.  Mershon: — Mr.  Gerr>^  said  something  in  regard  to  auto- 
matic means  for  cutting  banks  of  transformers  free  on  both  sides. 
That  would  mean  reverse  circuit-breakers,  and  it  would  mean 
not  only  reverse  circuit-Ureakers,  but  it  would  mean  40.000  our 
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oO.OOO-volt  circuit-breakers.  Mr.  Gerry  knows  something  about 
automatic  circuit-breakers  for  40,000  and  50,000  volts.  I  would 
like  to  hear  from  him  in  regard  to  that. 

Mr.  Gerry: — My  remarks  just  now  were  intended  to  indicate 
that  v.'ith  proper  arrangements,  either  the  star  or  delta  con- 
nection might  be  used  with  good  results.  If  star  connections 
are  xis^d  on  high  voltage  transformers,  in  fact  on  any  transform- 
ers, it  is  desirable,  in  order  to  obtain  proper  safety,  to  have 
devices  which  will  open  all  three  legs  of.  the  circuit  at  one  time 
but  if  the  delta-connection  be  employed,  you  may  use  single- 
pole  switches.  For  this  and  other  reasons,  up  to  the  present 
tiTiC,  I  have  always  considered  that  there  were  advantages  in 
using  a  delta-connected  system.  Single  transformers  may  be 
conveniently  switched  into  and  out  of  service;  single-pole 
switches  may  be  employed  if  desired  and  at  the  same  time  all 
those  excessive  potentials  mentioned  by  Mr.  Peck  will  be  avoided 
and  resonance  will  not  be  likely  to  result.  In  other  words,  a 
plain  delta  is  at  once  a  flexible  and  safe  arrangement  to  adopt. 

In  reference  to  high-tension  circuit-breakers  for  transmission 
lines,  the  time  is  coming,  if  it  be  not  here  already,  when  an  oil- 
switch  can  be  obtained,  together  with  reverse  current  and  over- 
load operating  devices  for  any  voltage  and  capacity,  which  will 
open  all  three  legs  of  a  circuit.  Mr.  Nunn  touched  upon  this 
subject  just  now,  and  it  is  of  great  importance,  especially  with  a 
star-connected  system.  Whether  the  star  connection  is  the 
more  desirable  is  another  question,  but  I  do  not  consider  it  vital 
in  connection  with  operation,  if  proper  precautions  are  taken.  I 
do,  however,  consider  the  proper  arrangement  of  switches,  with 
either  the  star  or  the  delta,  a  very  important  problem  in  con- 
nection with  the  system. 

Mr.  a.  L.  Mudge: — Page  386,  lines  16  and  17,  the  words  '*And 
the  other  two  still  deliver  3-phase  power  up  to  their  full  capa- 
city, i.e.,  two-thirds  of  their  bank,"  should  read,  I  think,  as  fol- 
lows: "And  the  other  two  still  deliver  3-phase  power  up  to  86. 6^^ 
of  their  full  capacity,  i.e.,  57.7%  of  their  entire  bank." 

Mr.  J.  E.  Woodbridge: — The  special  case  of  high-tension 
distribution  of  power  for  the  operation  of  rotary  converters 
brings  up  some  considerations  not  mentioned  in  Mr.BlackweH's 
Introduction. 

In  distribution  of  this  kind  the  secondary  voltage  of  the  step- 
down  transformers  is  so  low  that  there  is  no  advantage  in  a 
Y-connection  of  the  secondary  coils.  In  fact,  this  would  prove 
a  positive  disadvantage.  For  this  reason  a  delta  connection 
of  the  secondary  windings  is  to  be  preferred  for  3-phase  con- 
verters. With  the  primary  windings  connected  Y  and  the 
secondaries  delta,  operating  synchronous  machinery,  there  is  no 
instability  of  the  neutral.  While  it  is  true  that  a  Y-delta  con- 
nection of  three  transformers  with  no  neutral  lead  throws  the 
whole  bank  out  of  service  if  one  is  disabled,  the  grounding  of  the 
higli-tensio.i  neutral  of  both  the  step-up  and  step-down  banks 
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gives  a  radically  diflferent  condition.  With  this  connection  one 
transformer  of  the  three  may  be  taken  out  of  service  and  the 
remaining  two  will  continue  to  deliver  3-phase  current  just  as 
will  two  transformers  connected  delta-delta  on  a  3-phase  system. 
It  will  be  noted  that  when  one  transformer  on  a  Y-delta  con- 
nection with  grounded  neutral  is  taken  out  of  service,  one  of 
the  three  line  wires  is  also  open-circuited.  Thus  not  only  does 
this  connection  allow  service  to  be  resumed  with  one  transformer 
crippled,  as  soon  as  this  transformer  can  be  disconnected,  but  it 
allows  service  to  be  continued  with  one  line  wire  in  trouble,, 
either  broken,  crossed  with  another  wire,  grounded  or  attached 
to  a  punctured  insulator.  It  has  often  been  claimed  for  the 
delta-delta  connection  of  transformers  that  the  ability  to  operate 
on  two  in  case  of  trouble  with  the  third  is  a  great  advantage. 
There  are  now  in  operation  in  this  country  many  railway  distri- 
bution systems  with  lines  of  moderately  high-tension,  10,000  to 
15,000  volts,  put  up  on  trolley-supporting  poles  along  the  right 
of  way,  which  frequently  is  the  public  highway,  with  many 
trees  and  many  turns,  and  lacking  the  substantial  and  carefully 
worked  out  details  of  the  lines  of  heavy  transmissions.  These 
railway  distribution  plants,  so  built,  are  subject  to  unavoidable 
line  troubles  many  times  more  numerous  than  transformer 
breakdowns.  It  seems  to  the  writer  that  any  connection  of  the 
transformers  which  allows  operation  with  one  line  wire  in  trouble 
is  much  more  valuable  in  such  cases  than  any  which  simply 
provides  for  transformer  troubles. 

The  drop  on  a  3-phase  line  with  grounded  neutral  is  increased 
just  50  per  cent,  when  one  line  wire  is  thrown  out  of  service,  the 
other  two  being  used  on  Y-delta  connected  transformers;  this 
being  based  on  the  assumption  that  the  ground  or  track  return 
has  a  neghgible  resistance  in  the  high-tension  transmission.  The 
writer  has  operated  a  railway  substation  in  this  way  on  two  wires, 
starting  a  rotary  converter  as  an  induction  motor  by  means  of 
alternating  currents  applied  directly  to  its  armature,  and  carrv* ing 
the  load  with  two  wires  in  service  with  no  apparent  difference  in 
the  operation  from  the  usual  results  obtained  with  all  three  wires 
in  service.  In  fact,  much  to  the  writer's  surprise,  there  was  no 
apparent  effect  on  the  telephone  line  which  was  on  the  same 
poles  with  the  high-tension  line  for  several  thousand  feet,  one  of 
the  three  high-tension  wires  being  completely  disconnected  at 
both  ends.  At  one  time  while  operating  in  this  way  the  trans- 
mission line  became  reduced  to  one  active  wire  and  ground^ 
owing  to  the  melting  out  of  a  temporary  low -tension  connection. 
The  substation  continued  to  carry  its  load  and  the  trouble  was 
not  noticed  for  some  time. 

It  is  also  of  interest  to  note  in  this  connection  that  6-phase 
rotary  converters  supplied  from  diametrically  connected  trans- 
formers will  start  and  carry  load  satisfactorily  when  supplied 
with  power  on  two  diameters  only.  With  a  Y  diametrical 
connection  of  the  step-down  transformers  and  with  a  grounded 
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neutral  the  cutting  out  of  one  transformer  would  of  course 
reduce  the  supply  of  the  6-phase  converter  to  two  diameters. 
It  is  almost  needless  to  state  that  a  6-phase  converter  with 
double-delta  low-tension  connection  would  operate  satisfactorily 
on  two  transformers. 

Referring  somewhat  more  in  detail  to  the  advantages  and  dis- 
advantages of  a  grounded  neutral,  an  investigation  of  the  action 
in  case  of  a  punctured  or  broken  line  insulator  is  of  interest,  as 
most  of  the  serious  line  troubles  come  from  insulator  breakdowns 
causing  the  burning  off  of  cross-arms  or  pole  tops  which  fre- 
quently results  in  complete  shutdown.  With  no  ground  on 
the  neutral,  the  puncturing  of  an  insulator  generally  manifests 
itself  as  a  ground  on  the  system.  To  guard  against  burning  of 
cross-arms  or  poles,  it  is  possible  to  solidly  ground  the  faulty 
phase,  thus  removing  all  electromotive  force  from  the  faulty 
insulator,  but  this  method  seems  open  to  the  objection  that  if  one 
insulator  will  break  down  under  the  Y  voltage  of  the  system,  it 
is  inadvisable  to  subject  two-thirds  of  the  total  number  to  nearly 
twice  this  voltage.  Some  lines  are  now  being  built  with  a  fourth 
wire  with  switching  arrangements  at  each  end  of  same,  so  that 
in  case  of  trouble  on  one  wire  the  fourth  can  be  connected  into 
circmt  in  place  of  the  faulty  conductor.  With  a  grounded 
neutral  the  question  arises  whether  a  broken  insulator  would 
cause  sufficient  leakage  to  open  the  circuit  through  overload,  or 
would  bum  off  cross-arm  or  pole-top  without  giving  previous 
notice  to  the  station  attendants.  A  ground  wire  or*  the  poles 
electrically  connected  to  an  iron  pin  in  each  insulator  would 
make  a  short  circuit  of  each  insulator  breakdown,  and  would 
prevent  burning  off  of  pole  tops.  With  instantaneously  acting 
autometic  switches  it  would  also  prevent  what  is  sometimes 
worse,  i.e.,  the  burning  apart  of  transmission  wires  and  dropping 
of  same  across  other  circuits  or  to  the  ground. 

Another  factor  that  is  affected  by  the  grounding  of  the  neutral 
is  the  protection  against  lightning.  On  a  line  with  no  ground 
of  the  neutral  it  is  essential  to  have  enough  gaps  to  prevent  a 
discharge  under  the  full  rated  voltage  between  wires.  This 
voltage  is  applied  when  one  comer  of  the  circuit  becomes 
grounded.  It  is  also  necessary  to  provide  enough  resistance  in 
each  branch  of  the  discharge  path  to  prevent  an  arc  holding  when 
a  discharge  occurs  under  this  voltage.  With  grounded  neutral 
the  maximum  voltage  between  any  one  wire  and  ground  is 
reduced  nearly  50  per  cent.,  allowing  material  reduction  of  the 
number  of  gaps  and  resistance  in  the  discharge  paths. 

From  the  above  consideration  the  writer  believes  that  extra 
high  voltage  systems,  that  is,  those  with  working  pressure 
between  wires  of  over  25,000  or  30,000  volts,  should  have  the 
high-tension  windings  of  their  step-up  and  step-down  trans- 
formers Y-connected  with  the  neutrals  grounded. 

(Communicated  after  Adjournment  by  Dr.  Louis  Bell.) 
Note  or  Mr.  Blackwell*s  Paper. 

It  should  be  noted  that  the  Y  systems,  which  are  immensely 
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valuable  in  saving,  copper,  also  entail  some  additional  care,  as  is 
the  case  with  all  copper-saving  connections.  In  practice  I  have 
found  that  mixed  delta  and  Y  connections  are  desirable  and 
tend  to  steady  the  regulation.  I  believe  in  the  grounded  neutral 
as  a  safety  measure,  but  sources  of  accidental  grounds  should  be 
followed  up  rigorously  and  carefully  eUminated.  In  using  Fig.  1, 
t-iis  is  especially  necessary,  and  it  is  a  good  thing  to  ground 
t  irough  light  fuses  or  lightly  set  circuit-breakers,  but  one  usually 
has  to  groutid  this  system  since  its  main  use  is  in  making  long 
runs  where  high  voltage  lines  are  barred,  and  the  Fig.  1  connec- 
tion carries  one  below  the  prohibitive  restrictions  placed  arbi- 
trarily to  allow  old  arc  miachines  to  run  while  blocking  modem 
distributions. 

(After  Recess.) 

President  Scott: — We  will  now  descend  from  the  air  above 
to  the  earth  beneath  and  take  up  underground  work. 

We  will  first  have  the  paper  by  Mr.  Fisher,  of  the  Standard 
Underground  Cable  Company,  '*  Electric  Cables  for  High  Volt- 
age Service." 


4  poper  ffresented  at  the  20th  Annual  Convention 
of  /.':<?  American  Institute  of  Electrical  Engi' 
neers,  Niagara  Falh,  X.  Y.,  July  1.  1903. 


ELECTRIC  CABLES  FOR  HIGH  VOLTAGE  SERVICE. 


BY  HENRY  W.  FISHER. 


In  the  early  part  of  the  last  decade  there  was  a  general  belief 
among  electrical  engineers  that  rubber-covered  cables  would  be 
used  almost  exclusively  for  high-voltage  service  and  paper- 
insulated  cables  for  comparatively  low  voltages.  With  the  im- 
proved manufacture  of  the  latter,  opinions  have  changed  so  that 
some  engineers  prefer  paper  to  rubber,  stating  that  in  their 
experience  the  life  of  paper  cables  is  longer  than  that  of  rubber 
cables.  To  account  for  this  they  believe  that  the  strain  caused 
by  very  high  voltages  gradually  deteriorates  the  rubber  by  some 
kind  of  electrolytic  action,  or  by  a  purely  physical  action,  or  by  a 
tendency  for  static  discharges  gradually  to  penetrate  farther  and 
farther  until  a  breakdown  occurs.  In  substantiation  of  their 
clairriS  they  give  instances  wlierc  rubber  cables  have  broken 
down  one  after  another  in  service  without  any  apparent  cause. 
On  the  other  hand,  there  are  engineers  who  claim  that  they  have 
operated  rubber  cables  at  high  voltages  continuously  without  any 
trouble.  The  ability  of  a  rubber-insulated  cable  to  withstand 
high  voltages  depends  upon  the  ingredients  entering  into  t!.e 
composition  of  the  rubber  compound.  The  dielectric  strength 
to  resist  electric  pressure  becoHiCs  greater  within  certain  limits 
with  increased  percentages  of  pure  Para  or  other  high-grade 
rubber;  and  there  is  good  reason  for  believing  that  when  lead- 
covered  cables  are  em,ployed,  the  life  of  rubber-insulated  cables 
is  lengthened  with  increased  percentages  of  such  rubber.  This 
subject  should  naturally  be  treated  under  three  headings 
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First:  Manufacture  of  cables. 

Second:  Installation  of  cables. 

Third:  Operation  of  cables. 
First:  Manufacture  of  Cables  — In  the  manufacture  of  paper- 
insulated  cables  for  high  voltages,  great  care  has  to  be  exercised 
in  selecting  the  right  kind  and  quality  of  material,  and  also  in  the 
methods  of  construction  and  impregnation  of  the  paper  with 
insulating  compound.  The  most  experienced  engineers  now 
realize  that  cables  saturated  with  oily  compound  can  better  be 
handled  without  injury  to  the  dielectric,  and  also  resist  better 
high  voltages.  The  use  of  oily  compound  is,  however,  accom- 
panied with  lower  insulation  resistances,  and  consequently 
many  engineers  who  think  they  are  adopting  the  best  practice 
by  specifying  several  hundred  rtiegohms  per  mile,  are  in  reality 
inviting  bids  on  an  undesirable  type  of  cable.  The  best  cables 
either  with  paper  or.  rubber  insulation  should  be  able  to  resist 
comparatively  high  voltages  foi:  an  extremely  short  period  of 
time.  Such  voltages  are  obtained  at  the  time  of  making  or 
breaking  the  circuit,  or  during  short-circuits.  To  illustrate:  If 
a  cable  of  inferior  material  and  construction  be  subjected  to  a 
gradually  increasing  voltage  till  a  breakdown  occurs,  and  then 
after  removing  the  burnt-out  part  the  operation  be  repeated,  a 
second  breakdown  will  almost  invariably  occur  at  much  lower 
voltage  than  at  first,  showing  that  the  cable  was  injured  by  an 
impulsive  rise  of  voltage  at  the  time  of  the  first  bum-out.  With 
the  best  cables  the  difference  between  successive  voltages  applied 
as  above  is  much  less  than  is  the  case  with  inferior  cables,  and 
at  the  same  time  the  former  withstand  very  much  greater  volt- 
ages for  the  same  thickness  of  insulation.  If  the  question  of 
.  expense  is  not  a  consideration,  paper  insulated  cable  can  be  made 
of  remarkable  dielectric  strength.  On  one  occasion  the  writer 
designed  such  a  cable  with  a  thickness  of  insulation  capable  of 
ordinarily  withstanding  16,000  volts.  Extraordinary  care  was 
exercised  in  the  manufacture  of  this  cable,  and  when  tested 
48,000  volts  were  required  to  break  it  down,  and  during  successive 
tests  the  voltages  applied  scarcely  varied  1,000  volts  from  the 
above  figure,  showing  a  very  great  uniformity.  Such  a  cable 
would  have  a  greater  dielectric  strength  than  that  of  ordinary 
rubber  cables,  and  at  least  equal  to  that  of  rubber  cables  with 
high  percentages  of  Para,  and  would  cost  fully  as  much  as  the 
latter. 

In  the  mrnufacture  of  rubber  cables,  care  Iips  to  be  used  in 
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selecting  the  best  and  proper  materials ;  and  the  work  of  mixing 
them  and  masticating  and  appyling  the  rubber  must  be  done 
uniformly  well,  and  the  process  of  vulcanization  must  be  carried 
on  at  the  right  temperature  and  for  the  right  length  of  time  to 
suit  the  particular  compounds.  After  being  made,  all  high 
voltage  cables  should  be  subjected  to  the  usual  test  for  insulation 
resistance  and  electrostatic  capacity,  and  also  to  voltage  tests 
of  double  the  normal  working  e.m.f.  Even  if  this  test  is  not 
specified  the  manufacturer  should  apply  it  for. his  own  protection. 

Second:  Installation  of  Cables. — This  work  must  be  done  by 
well-trained  men,  as  a  small  amount  of  carelessness  may  mean 
much  trouble  and  expense.  When  the  cables  are  pulled  into 
ducts  great  care  must  be  exercised  to  prevent  abrasion  of  the 
lead  cover,  and  no  sharp  bends  must  be' made  because  in  so  doing 
the  insulation  may  become  injured  or  cracked.  It  is  advisable 
not  to  pull  paper  insulated  cables  into  ducts  during  extremely 
cold  weather,  because  of  the  possibility  of  cracking  the  insulation. 
If  such  work  of  installation  has  to  be  done,  the  reels  of  cable 
should  be  kept  in  a  warm  place  over  night,  or  else  put  under  a  tent 
for  a  few  hours  and  kept  warm  with  plumber's  furnaces  placed 
so  as  not  to  overheat  the  cable  at  any  point. 

The  work  of  jointing  the  cables  must  be  done  by  good  jointers 
who  are  in  turn  carefully  watched  by  an  experienced  foreman. 
Different  companies  make  different  forms  of  joints,  but  after  a 
reliable  one  is  adopted  the  work  should  be  systematic  and  accord- 
ing to  definite  directions  in  all  particulars.  By  so  doing,  remark- 
able records  of  perfect  workmanship  have  been  made.  After 
complete  installation  each  cable  should  be  subjected  to  double 
the  working  voltage,  but  this  voltage  should  not  be  applied  or 
broken  suddenly  because  by  so  doing  unnecessary  strains  would 
be  imposed  upon  the  cable. 

Third:  Operation  of  High  Voltage  Cables. — This  is  a  subject 
that  could  better  be  presented  by  the  operator  of  the  electric 
light  and  power  plants  where  cables  are  employed.  However, 
as  one  of  the  objects  of  this  short  paper  is  to  invite  discussion,  it 
may  be  well  to  state  that  a  perfect  protective  device  for  cables 
and  auxiliary  apparatus  would  lessen  to  a  very  large  extent  the 
troubles  of  the  operator  incident  to  impulsive  rises  of  voltage 
from  switching  and  short-circuit.  On  several  occasions  and  in 
different  power  houses,  discharges  have  been  seen  to  take  place 
over  the  surface  of  switchboards  at  the  time  of  short-circuits  in 
cables,  transformers,  switches,  etc.     On  some  of  these  occasions 
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the  rise  in  voltage  necessary  to  make  said  discharges  was  esti- 
mated to  be  about  four  times  the  normal  working  voltage.  At 
such  times  the  original  cause  of  the  trouble  cannot  always  be 
ascertained  because  frequently  cables  are  burned  out  in  several 
places,  and  transformers  and  apparatus  injured  at  the  same 
time.  This  kind  of  phenomena  seems  to  be  more  prevalent  and 
dangerous  where  air-lines  connect  with  cables.  It  will  therefore 
be  seen  that  an  efficient  device  which  would  protect  cables  and 
accessory  apparatus  from  such  excessive  rises  of  voltage  would 
be  of  incredible  value  to  operators. 

The  question  of  the  carrying  capacity  of  cables  is  often  not 
considered  as  carefully  as  it  should  be.  With  a  great  many 
cables  all  carrying  normal  currents  are  in  one  duct-system,  the 
middle  and  top  ones  are  apt  to  become  very  warm.  The  differ- 
ence between  the  temperature  of  the  conductor  and  that  of  the 
duct  may  be  nearly  as  great  as  the  difference  between  the  ten:- 
perature  of  the  duct  and  that  of  the  surrounding  air,  although 
generally  speaking  the  former  is  the  least.  The  carrying  capacity 
of  cables  as  frequently  recommended  is  entirely  too  great  when 
many  cables  are  in  the  same  duct -system. 

There  is  a  ver\'  great  difference  in  the  radiating  power  of  dry 
and  wet-ducts,  and  in  the  heat  conductivity  of  different  soils, 
and  so  it  is  impossible  to  give  set  rules  governing  all  cases.  Under 
no  circumstances  should  the  temperature  of  the  conductor  be 
allowed  to  reach  90°  Centigrade;  and  if  twice  the  maximum 
difference  of  temperature  between  any  duct  and  earth  added  to 
the  temeprature  of  the  earth  is  nearly  equal  to  90°  there  is  reason 
for  apprehension. 

The  above  remarks  do  not  apply  to  rubber  covered  cables, 
wliich  should  never  be  heated  to  over  65°  or  70°  C. 

Moreover  it  is  not  desirable  nor  economical  to  heat  paper 
insulated  cables  to  90"  C,  and  the  only  reason  for  mentioning 
t'lis  figure  i?  because  such  cables  can  withstand  this  tempera- 
ture for  a  considerable  length  of  time  without  deterioration. 


A  Papt'T  presented  at  the  20tk  Annual  Convention 
of  the  American  Institute  of  Electrical  Engt' 
neers,  Niagara  Falls,  N.  Y..  July  1.  1903. 


THE  OPERATION  AND  MAINTENANCE  OF  HIGH- 
TENSION  UNDERGROUND  SYSTEMS. 


BY  PHILIP  TORCHIO. 


The  following  notes  apply  mainly  to  moderately  high-tension 
systems  as  installed  in  large  cities  in  the  last  few  years. 

(I)  Independent  vs.   Parallel   Operation   of   Feeders   at 

Substations. 
By  proper  selection  of  size  of  feeders  and  transforming  units 
at  substations,  each  feeder  can  be  operated  to  supply  normally 
an  independent  group  of  transforming  apparatus.  In  case  of 
emergency  the  same  apparatus  can  be  arranged  to  be  fed  from 
other  feeders  tlirough  an  emergency  bus.  This  arrangement  of 
independent  operation  of  feeders  has  in  most  cases  the  disad- 
vantage of  not  allowing  tHe  full  use  of  the  copper  investment  at 
light  loads,  but  it  has  the  following  advantages. 

(a)  The  short-circuit  current  fed  back  from  the  substation  bus 
bars  into  a  faulty  feeder  is  limited  by  the  reactance  of  at  least 
two  sets  of  transforr.ing  apparatus.  This  will  materially  help 
the  final  clearing  of  tlie  short-circuit. 

(b)  In  rotary  converter  substations  the  independent  groups  of 
transforming  apparatus  can  be  fed  from  different  bus  bars  or 
from  different  generating  stations,  thereby  increasing  the  re- 
liability of  service. 

(2)  Testing  of  Cables. 
(a)   Periodic   insulation   tests   are   valuable   as   they   furnish 
indications  of  abnormal  conditions  and  often  lead  to  the  detection 
of  faults  on  the  systems.     The  instruments  usually  used  in  con- 
nection with  insulation  tests  are  a  D'Arsonval  galvanometer  with 
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shunt,  and  a  battery  of  from  70  to  100  volts.  Periodic  tests 
should  be  made  at  least  once  a  week  on  each  feeder,  and  oftener 
under  abnormal  conditions. 

(b)  High- voltage  tests  of  dielectric  strength  of  insulation  should 
be  carefully  applied  or  possibly  avoided  entirely.  Experience 
has  demonstrated  that  failure  of  cable  feeders  are  almost  uni- 
formly due  to  defective  joints  or  mechanical  injury  to  the  cable. 
The  record  of  all  high-tension  cable  faults  of  a  New  York  com- 
pany for  a  period  of  five  years  is  as  follows: 


Location  of  Faults  on  High-Tension  Cables. 


Made  manifest  by  open- 
ing of  circuit-breakers 
during  operation. 

Made    manifest 
by  low  insula- 
tion test. 

Reported   by    Line 
Inspectors. 

1  in  splice. 

1  nail  driven  into  cable 
(external    mech.     in- 
jury.) 

1  in  sharp  bend  in  man- 
hole. 

1  in     damaged     sleeve 
(external   mech.   in- 
jury-cause unknown.) 

1  in  bend  in  small  man- 
hole. 

1  wet  end  of  cable  (ex- 
ternal injury   due   to 
water  leak.) 

1  wet  end  cups  caused 
by     steam     (external 
mechanical  injury.) 

1  steam    in    substation 
(external     mech.     in- 
jury.) 

1  in  splice. 

1  in  splice. 
1  in  splice. 

1  in  splice. 

1  leak  of  steam  to 
cable  end. 

1  injured    in    man- 
hole by  arc  cable 
burnout. 

1  damaged  in  man- 
hole by  A.  C.  Ught- 
ing  cables  burnout. 

1  damaged  by  out- 
side parties  doing 
subway  work. 

1  damaged  as  above. 

1  damaged  as '^bove. 

9 

4 

5 

Note  that  of  the  nine  faults  made  manifest  during  operation, 
five  were  due  to  extraneous  mechanical  causes  and  four  to  de- 
fective installation. 
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The  operating  voltage  of  this  system  is  6,600  volts. 

The  lengths  of  high-tension  cables  in  operation  on  December 
31st  of  the  first  and  last  year  covered  by  the  record  were  3.2  and 
84.6  miles,  respectively.  The  cables  of  this  company  have  not 
been  subjected  to  high-pressure  test  in  subways. 

This  table  shows  that  only  four  cable  breakdowns  out  of  18 
faults  on  high-tension  cables  could  possibly  have  been  prevented 
by  having  applied  high-pressure  tests  to  the  cables  originally.  It 
cannot  be  determined  how  successful  such  tests  would  have  been 
in  other  respects,  as  the  testing  strains  might  possibly  have 
lowered  the  dielectric  strength  of  the  insulation  at  points  other- 
wise perfectly  safe  for  operating  at  the  normal  pressure.  Note 
must  also  be  taken  of  the  fact  that  no  failure  of  the  cable  proper 
has  yet  been  recorded  in  this  large  system,  now  operating  over  85 
miles  of  high  tension  cables. 


Pio.  I. 


(3)  Indicators  and  Protecting  Devices. 

(a)  Ground  detectors  with  annunciator  relay  and  drop-signal 
are  desirable  features  of  a  high-tension  switchboard  equipment. 
The  diagram  (Fig.  1)  shows  an  arrangement  for  a  three-phase 
installation. 

(b)  Grounding  of  the  neutral  of  high-tension  generators  is  ad- 
vocated by  many  engineers,  and  apparently  it  has  given  satisfac- 
tion wherever  it  has  been  tried.  The  objection  to  the  heavy 
short-circuit  current  from  one  leg  to  ground  has  been  overcome 
by  the  suggestion  of  grounding  through  a  non-inductive  resist- 
ance, thereby  limiting  the  short-circuit  current  to  a  pre-deter- 
mined  amount.  The  experience  of  the  companies  so  operating 
will  be  of  great  value. 

(c)  Spark  Arresters. — It  seems  impossible  always  to  guard 
against  the  appearance  of  high  voltages  due  to  sudden  change 
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of  load,  grounds,  short  circuits,  etc.,  and,  especially  in  the 
latter  case,  spark-arresters  will  greatly  increase  the  safety. 
These  devices  are  preferably  connected  "  delta  **  on  system" 
without  g**ounded  neutral  and  installed  at  the  generator  end 
as  well  as  substation  end  of  every  cable  and  at  every  other  place 
where  the  cable  is  looped  into  a  substation  or  joins  an  overhead 
line. 

(4)  Apparatus  and  Methods  for  Care  of  Cables. 

A  new  cable  should  not  be  connected  to  the  main  bus  bars 
without  being  previously  tested  with  full  working  pressure.  This 
is  sometimes  accomplished  through  a  suitable  transformer 
properly  fused  or  by  inverting  a  rotary'  converter  with  a  fuse  on 
the  low  tension  side. 

A  defective  feeder  often  requires  the  application  of  high- 
voltage  for  breaking  down  the  defective  insulation  and  creating 
a  low-resistance  path  for  sending  through  it  a  direct  current  for 
the  purpose  of  locating  the  fault  by  the  compass  method  applied 
to  the  cable  in  successive  manholes.  To  break  down  and  charge 
the  insulation  requires  about  two  amperes  for  paper  and  five 
amperes  for  rubber-insulated  cables,  applied  for  about  five 
minutes.  The  regulation  of  the  amperage  could  very  conveni- 
ently be  obtained  by  the  use  of  a  reactive  coil,  or  what  amounts 
to  the  same,  a  transformer  of  sufficient  internal  reactance  to  limit 
the  current  on  short-circuit.  But  while  there  may  not  be  much 
danger  of  resonance  phenomena  when  using  reactive  coils,  still 
there  is  some  danger  and  it  is,  therefore,  safer  to  limit  the  short- 
circuit  current  by  resistance.  Fig.  2  shows  the  connections  of  a 
rheostat  intended  to  limit  the  short-circuit  current  to  2 A  and  5 
amperes  at  6,600  volts. 

(5)  Rules. 

In  a  large  system  it  is  important  to  devise  a  set  of  rules  for  the 
guidance  of  the  men  in  the  different  departments.  These  rules 
must  be  rigidly  complied  with  so  as  positively  to  eliminate  any 
danger  to  men  making  tests  or  repairs  to  cables  or  switchbards. 

(6)  Maintenance. 
It  is  not  feasible  to  estimate  accurately  the  life  of  high-tension 
cables  and  what  will  be  the  cost  of  maintenance  after  several 
vears*  installation.  The  cost  of  repairs  for  the  first  years  is 
nerely  nominal,  and  the  only  other  items  of  maintenance  are  the 
expenses  for  the  periodic  inspection  and  testing  and  minor  details. 
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A  paper  presented  at  the  20th  Annual  Convention 
of  the  American  Institute  of  Electrical  Engi- 
neers, Niagara  FaUs,  N.  Y.,  July  1.  1903. 


THE  USE  OP  AUTOMATIC  MEANS  FOR  DISCONNECTING 
DISABLED  APPARATUS. 

BY  H.  G.  STOTT. 


This  subject  may  preferably  be  divided  into  three  sections,  as 
follows: 

.    (a)  Generating  apparatus. 

(b)  Transmission  apparatus. 

(c)  Receiving  apparatus. 

(a)  Generating  Apparatus. — That  no  overload  device  should  be 
used  in  the  generating  plant  to  disconnect  disabled  apparatus 
may  be  stated  as  a  general  proposition. 

Experience  has  probably  been  responsible  for  the  evolution 
of  the  art  to  a  point  where  it  has  become  not  only  possible,  but 
necessary  to  eliminate  all  overload  devices. 

Only  a.  brief  statement  of  the  reasons  for  abandoning  the  use 
of  overload  apparatus  will  be  necessary. 

In  case  of  an  accident  to  one  generating  unit,  the  other  units  in 
multiple  with  it  will  immediately  begin  to  force  current  into  the 
disabled  one,  and  the  increased  load  on  the  good  units,  due  to 
their  normal  load  plus  the  short-circuit  current  supplied  to  the 
crippled  unit  will,  in  all  probability,  trip  all  the  circmt-breakers 
simultaneously,  thus  interrupting  the  service. 

Without  automatic  circuit-breakers  the  overload  on  the  good 
units  would  cause  the  potential  of  the  system  to  fall  so  low  that 
the  service  would,  in  all  probability,  be  as  completely  inter- 
rupted as  in  the  former  case,  unless  the  attendant  succeeds  in 
locating    and    disconnecting    the    crippled    unit    immediately. 
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Should  he  fail  to  do  so,  the  service  will  inevitably  be  inter- 
rupted, and  a  great  deal  of  damage  done  to  the  crippled  unit  by  the 
current  from  the  good  machines. 

It  is  then  evidently  necessary  to  have  some  means  of  dis- 
criminating between  a  current  coming  out  of  the  machine  and 
one  going  into  it.  Modern  apparatus  can  safely  carry  200  per 
cent,  or  more  load  for  a  few  minutes,  but  if  a  unit  has  become 
crippled  it  will  immediately  cease  to  be  a  generator  and  become 
a  receiver.  All  that  is  necessary  to  do  then  is  to  install  on  each 
generator  a  suitable  circuit-breaker  which  will  operate  only  when 
the  direction  of  flow  or  energy  through  it  is  reversed. 

This  type  of  safety  device  has  been  developed  for  both  d.c.  and 
A.c.  apparatus  so  that  it  operates  quite  satisfactorily. 

As  an  additional  precaution  in  large  plants,  a  second  reverse- 
current  relay  should  be  installed  which  will  merely  light  up  a 
letter  or  number  in  front  of  the  operator  so  that  in  the  event  of 
the  failure  of  the  first  automatic  device  the  faulty  machine  may 
be  quickly  disconnected  by  hand.  These  reverse-current  relays 
should  have  a  time-element  and  current-limit  attachment  ^ 
which  should  be  set  for  not  less  than  three  seconds,  so  that  a 
slight  reverse  current,  or  one  of  momentary  duration,  such  as  is 
liable  to  occur  at  the  moment  of  multiplying,  will  not  operate  the 
circuit-breaker. 

(6)  Transmission. — When  transmitting  power  through  over- 
head and  underground  cables,  it  is  essential  to  successful  opera- 
tion to  be  able  automatically  to  disconnect  the  feeders  from  (1) 
the  generating  station,  and  (2)  if  there  are  duplicate  transmission 
lines,  from  the  receiving  station. 

(1)  At  the  generating  station  this  should  obviously  be  done  by 
an  Dverload  circuit-breaker  whose  operation  is  delayed  by  a 
time-element  which  may  be  set  at  from  one  to  ten  seconds  ac- 
cording to  the  local  conditions. 

This  is  all  the  protection  necessary  or  desirable  where  only  one 
transmission  line  exists. 

(2)  With  two  or  more  transmission  lines  in  multiple,  an 
entirely  different  set  of  conditions  exist  as  in  case  trouble  de- 
velops in  one,  current  will  be  fed  back  from  the  receiver  end  into 
the  fault  through  the  good  feeders ;  the  result  will  be  that  all  the 
feeder  overload  breakers  at  the  generating  station  will  trip,  thus 
shutting  down  the  entire  line  and,  in  all  probability,  shuttin^;^ 
down  all  synchronous  receivers  on  the  system,  due  to  the  result* 
ant  fall  in  potential. 
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Reverse-current  relays  at  the  receiver  end  of  the  feeders 
operate  satisfactorily,  provided  the  fault  is  not  severe  enough  to 
drop  the  potential. 

If,  however,  the  fault  amounts  to  a  short-circuit  the  potential 
at  the  receiver  end  will  fall  so  low  that  the  potential  coil  of  the 
differentially-wound  relay  will  not  receive  enough  current  to 
enable  the  relay  to  operate. 

Reverse-current  relays  on  the  receiving  end  of  feeders  are  not 
as  yet  to  be  depended  upon,  but  recent  improvements  give 
promise  that  we  may  soon  expect  to  find  a  satisfactory  solution 
of  this  important  problem. 

When  only  two  feeders  are  in  use  a  method  devised  by  Mr. 
L.  Andrews,  of  England,  seems  to  be  very  satisfactory.  At  the 
receiver  end  the  two  feeders  are  connected  together  through  a 
choking-coil  wound  entirely  in  one  direction.  The  current  is 
drawn  from  a  tap  in  the  centre  of  this  winding.  Under  normal 
conditions  the  feeders  supply  equal  current  through  each  half  of 
the  winding  to  tlie  tap,  but  as  the  curre.its  pass  in  reverse  direc- 
tion through  the  winding  the  resultant  flux  is  nil  and,  therefore, 
the  resultant  inductance  is  uil,  the  only  loss  being  that  due  to 
the  otimic  resistance  of  the  coils. 

Should  a  short-circuit  occur  in  one  of  the  lines,  the  current 
from  the  other  line  will  flow  through  both  halves  of  the  reactive 
coil  in  the  same  direction,  thus  producing  a  strong  choking  effect 
and  limiting  the  current  to  an  inconsiderable  amount. 

As  the  overload  circuit-breaker  on  the  faulty  feeder  at  the 
generating  station  will  trip  immediately,  it  is  then  only  neces- 
sary for  the  attendant  at  the  receiving  station  to  open-circuit  the 
section  of  the  reactive  coil  connected  to  the  faulty  cable  and 
short-circuit  the  other  half  connected  to  the  good  cable.  This 
device,  I  am  informed,  has  given  excellent  results  in  England,  but 
for  obvious  reasons  would  not  be  suitable  f  jr  more  than  two 
feeders. 

Where  possible,  the  safest  plan  at  present  is,  in  the  writer's 
opinion,  to  run  the  feeders  entirely  separate  at  the  receiving  end, 
only  putting  the  d.c.  end  of  the  rotaries  in  multiple,  or  in  cases 
where  low  tension  alternating  current  (2000  volts  or  less)  is  sup- 
plied, putting  the  secondaries  in  multiple.  If,  under  these 
conditions,  reverse-current  relays  are  installed  at  the  receiving 
end  of  the  feeders  they  will  operate  very  satisfactorily  as  the 
reactance  of  the  rotaries  and  transformers  will  be  sufTicient  to 
limit  the  reverse  current  in  t!:e  faulty  cable,  thus  allowing  the 
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reverse-current  relays  to  operate  as  there  has  been  no  serious 
fall  of  potential. 

The  greater  the  number  of  feeders  used  between  the  generating 
station  and  the  substation  the  better  this  method  becomes,  as, 
for  instance,  with  two  cables  a  fault  in  one  will  only  reduce  the 
capacity  50  per  cent,  until  the  operator  can  synchronize  all  the 
apparatus,  which  was  running  on  the  faulty  cable,  and  as  the 
apparatus  and  converters  will  continue  to  run  at  full  speed  only  a 
few  minutes  will  be  necessary  to  synchronize  on  the  good  feeder, 
which  will  in  the  meantime  carry  the  whole  load,  so  that  no 
interruption  to  service  will  occur.  With  three  cables  this  would 
mean  a  loss  of  capacity  of  33.3  per  cent.,  and  with  four  cables 
25  per  cent.,  etc. 

(c)  Receiiing  Apparatus. — This  should  be  treated  in  exactly 
the  same  way  as  the  generating  apparatus,  namely:  use  reverse- 
current  relays  only  to  operate  the  circuit-breakers  on  the  rotaries, 
etc.,  and  use  time-element  overload  relays  only  on  the  low-ten- 
sion feeders  leaving  the  substation. 

The  above  remarks  apply  generally  to  both  d.c.  and  a.c. 
apparatus,  with  the  exception  of  the  part  devoted  to  transmission 
apparatus,  which,  of  course,  only  applies  to  a.c  transmission. 
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Discussion  of  H.  G.  Stott's  Paper  on  "  The  Use  of  Auto- 
matic M  :ans  for  Disconnecting  Disabled  Apparatus." 

By  W.  F.  Wells. 
Mr.  W.  F.  Wells: — Recent  experience  with  6,600  volt, 
revolving  field  apparatus  in  central  power  station  practice  has 
proved  that  automatic  disconnective  devices  are  not  necessary 
in  order  to  insure  reliable  operation  of  the  system  to  which 
current  is  supplied  and  that  capable  operators  with  good  judg- 
ment can  handle  any  cases  that  may  arise  better  than  automatic 
devices  could  be  expected  to  operate. 

The  instruments  and  controlhng  devices  on  each  generator 
should  be  placed  close  together,  and  their  positions  so  related 
that  there  could  be  no  possible  chance  of  the  operator  when 
noting  the  indication  on  the  instrument  of  one  generator,  becom- 
ing confused  and  by  mistake  opening  the  switch  of  another 
machine. 

In  the  station  referred  to  each  generator  is  eqxiipped  with  an 
overload  relay  whose  secondary  is  connected  to  a  red  lamp  only, 
and  the  following  indicating  instruments,  wattmeter,  power 
factor  indicator,  field  ammeter,  voltmeter  and  two  ammeters. 

The  first  indication  of  any  trouble  is  generally  a  drop  in  bus 
pressure,  unusual  noise  from  the  generators,  or  lighting  up  of  the 
overload  lamps.  A  quick  survey  of  the  instruments  enables  the 
operator  to  determine  if  the  trouble  is  on  the  generators  or 
feeders.  If  on  the  generators,  the  wattmeter  or  power-factor 
indicator  shows  if  current  is  reversed  in  any  one  of  them,  and  the 
field  ammeter  shows  if  the  reversal  is  due  to  open  field  circuit 
or  loss  of  motive  power.  The  character  of  the  swing  or  vibration 
of  the  needles  will  show  whether  the  trouble  is  due  to  some 
accident  affecting  the  angular  velocity,  such  as  break  in  valve 
motion,  or  if  it  is  due  to  faulty  governor,  cut  off  of  steam  supply 
or  broken  vacuum. 

After  a  short  experience  in  any  such  station  equipped  similarly 
to  the  one  mentioned,  the  operator  is  able  almost  immediately 
to  locate  the  cause  of  the  trouble,  and  if  he  thinks  advisable,  open 
the  circuit -breakers  before  any  automatic  device  would  operate, 
if  properly  protected  by  a  time-limit  element. 

During  the  past  eighteen  months  eight  generators  have*  been 
operated  a  total  of  25,000  hours  and  a  careful  anlaysis  of  ever\' 
accident  or  mishap  that  has  occurred  has  failed  to  show  any 
necessity  or  even  desirability  of  automatic  disconnective  devices. 
It  is  almost  needless  to  add  that  the  station  was  free  from  acci- 
dents that  might  have  been  caused  b}^  faulty  operation  of  unre- 
liable devices,  and  there  was  no  expense  incurred  for  maintenance 
and  repairs  of  such  devices. 

In  the  transmission  apparatus,  it  has  been  found  best  to  set  the 

time-limit  overload  relays  on  the  feeders  in  the  generating  station 

for  two  seconds  and  at  about  t>wo  and  one-half  times  normal  load. 

During  the  entire  time  that  the  station  has  been  in  operation, 

a  period  of  nearly  two  years,  it  has  always  been  the  practice  to 
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run  the  high-tension  feeders  on  what  Mr.  Stott  refers  to  in  his 
paper  as  the  safest  plan;  i.e.,  entirely  separate  at  the  receiving 
end,  only  putting  D.  C.  ends  of  the  rotaries  in  multiple.  But 
as  practically  all  the  substations  are  equipped  with  large  storage 
batteries,  which  are  also  in  multiple  with  the  rotaries,  it  has  been 
found  best  to  operate  without  reversed-current  relays,  but  de- 
pend on  the  operator  in  the  substation  opening  the  circuit- 
breakers  when  necessary.  Here  as  well  as  in  the  generating 
station,  the  operators  very  quickly  learn  to  read  from  their 
instnmients  the  nature  of  the  trouble,  and  the  disturbance  to 
the  system  caused  by  any  accident  is  always  less  than  it  might 
have  been  had  automatic  devices  been  depended  on. 

In  the  substations,  the  receiving  apparatus  converts  the  alter- 
nating current  to  260  volt  direct  current  and  here  the  only 
automatic  device  is  an  overload -relay  on  the  high-tension 
feeders,  and  a  centrifugal  device  which  opens  both  alternating 
current  and  direct  current  switches  of  the  rotary  if  its  speed  ap- 
proaches too  close  to  the  danger  limit.  On  the  direct  current 
feeders  there  are  no  automatic  devices. 

In  general,  on  the  entire  system  there  are  in  use  no  automatic 
disconnective  devices  except  those  operated  by  the  time  over- 
load relays  on  both  ends  of  the  high-tension  feeders,  and  by  the 
centrifugal  speed  limit  device  on  the  rotaries  in  the  substations. 

Discussion  of  H.  G.  Stott's  Paper  by  Mr.  Carl  Schwartz. 

Mr.  Carl  Schwartz: — As  to  the  reverse-current  relay  for  the 
generator  circuit,  I  think  that  this  relay  should  operate  a  lamp 
and  then  maybe  in  addition  a  bell  signal  in  order  to  call  the 
attention  of  the  operator,  so  that  he  could  take  as  quickly  as 
possible  suitable  steps  to  bring  the  load  back  to  the  generator  or 
disconnect  this  unit  if  it  is  unable  to  work.  A  reverse-current 
relay,  opening  the  generator  oil-switch,  is  in  that  case  not  very 
essential  and  could  be  left  out  entirely;  but  if  it  is  applied  it 
should  be  provided  with  a  time  and  current-limit  relay.  The 
exciter  generator  circuit  must  contain  a  reverse -current  circuit- 
breaker  acting  as  soon  as  the  generator  begins  to  run  as  a  motor, 
the  supply  of  the  generator  field  being  maintained  by  a  storage- 
battery. 

Referring  to  the  transmission  lines,  I  would  say  that  at  the 
generator  end,  overload  relays  with  a  time  limit  device  will  be 
generally  sufficient.  It  is  important  that  the  overload  as  well 
as  the  reverse-current  devices  for  the  feeder  lines  are  connected 
to  each  phase,  as  burnouts  between  one  conductor  and  the  lead 
cover,  not  affecting  the  other  phases  of  a  three-conductor  cable 
line,  may  occur.  I  refer  here  especially  to  the  star-connected 
system. 

Discussion. OF  Philip  Torchio's  Paper  on  "The  Operation 
AND  Maintenance  of  High-Tension  Underground  Sys- 
tems," BY  Mr.  Edward  P.  Burch. 
Mr.  Edward  P.  Burch: — Referrin;:,^  to  the  testin^y  of  insulation 

of  high-voltage  cables,  the  writer  would  add  his  experience  with 
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two  very  successful  12,000  volt  three-phase  cables,  one  9.5  and 
one  7.0  miles  long,  used  by  a  Minneapolis  company  for  three  and 
five  years  respectively. 

Experiments  were  made  on  short  lengths  of  these  paper 
cables  by  stripping  off  the  lead  sheath  and  partly  immersing 
them  in  water,  the  full  potential  being  on  the  three  legs  of  the 
tri-phase  cable.  It  was  found  that  it  usually  took  several  days 
before  water  impregnated  the  paper  insulation  to  such  an  extent 
as  to  cause  a  short  circuit  between  the  legs. 

Now  most  of  the  cable  faults  are  due  to  mechanical  cavses  such 
as  a  damaged  lead  sheath  or  to  chemical  deterioration  of  the 
sheath  due  to  electrolysis  from  a  direct  current  circuit.  In  both 
cases  moisture  finally,  from  a  day  to  a  week,  works  through  the 
paper  insulation  and  a  cable  break  occurs.  Manhole  inspection 
for  the  exact  location  of  electrolytic  troubles  generally  proves 
valueless.  Mechanical  troubles  at  or  between  manholes  are 
generally  classed  as  "  accidents.*' 

Tests  of  value  were  regularly  made  on  these  12,000  volt  cables, 
using  600  volts  direct  current.  The  scheme  is  to  charge  the 
cable  legs  and  then  to  note  the  electrostatic  discharge  through  an 
ordinary  Weston  direct  current  voltmeter.  The  cable  terminal 
switches  were  of  course  open  at  the  station  and  at  the  sub- 
station. If  the  electrostatic  discharge  is  large,  one  may  safely 
conclude  that  the  cable  is  not  in  bad  condition.  If  the  discharge 
as  indicated  by  the  swing  of  a  voltmeter  needle,  is  weak,  this  is 
due  to  the  fact  that  the  charge  has  leaked  off  through  faulty 
insulation.     The  indications  are,  in  general,  reliable. 

In  railway  power  houses  regular  testing,  between  2  and  5  a.  m., 
thus  furnished  indications  of  the  condition  of  the  cables.  It  is 
of  some  real  value  to  an  operator  to  know  that  a  certain  cable  is 
weak  and  may  blow  out. 

Ground  detectors  sometimes  give  negative  results.  The  indi- 
cations on  the  scale  of  the  commercial  switchboard  instrument 
are  too  rough  to  be  of  great  value. 

Cable  testing  sets  of  the  D' Arson val  galvanometer  type  are 
generally  too  sensitive  for  power  station  work. 

High-voltage  tests  of  cables  in  service  are  considered  of  doubt- 
ful value. 

Discussion'  of  Philip  Torchio's  Paper  ox  "  The  Operation 
AND  Maintenance  of  High-Tension  Underground  Sys- 
tems," Mr.  W.  G.  Carlton. 

Mr.  W.  G.  Carlton:  -The  experience  of  the  Chicago  Edison 
Company  with  its  high-tension-three- j)hase  cables  has  been  simi- 
lar to  that  of  the  New  York  Company  mentioned  by  Mr.  Torchio. 
At  present  they  are  operating  about  45  miles  of  three  conductor 
cable  at  9,0()()  volts.  The  first  of  these  cables  was  installed 
about  five  years  ago.  The  volta.2:e  used  at  first  was  4,500  but 
about  one  and  one-half  years  ago  it  was  chani^jed  to  9,000. 

There  have  been  seven  cases  of  trou])le  on  these  cables:  Four 
were  caused  by  mechanical  injuries  to  cables  in  manholes;  one 
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by  a  burnout  on  an  adjacent  cable;  one  by  a  defective  joint,  and 
one  by  electrolysis  causing  a  hole  to  be  made  in  the  lead  sheath 
of  the  cable.  With  the  exception  of  the  defective  joint  none  of 
these  troubles  would  have  been  avoided  by  using  high  pressure 
tests  on  the  cables. 

The  neutral  points  of  the  high-tension  generators  are  grounded 
direct,  no  resistances  being  used  to  limit  the  flow  of  current. 
Two  cases  of  trouble  already  referred  to,  one  due  to  mechanical 
injury  and  one  to  electrolysis,  resulted  in  one  conductor  of  the 
cable  burning  to  grcund,  and  the  other  two  being  left  in  good 
condition.  One  of  these  cases  occurred  within  3,000  feet  of  the 
generating  station.  The  overload  coils  on  the  oil-switch  worked 
and  cut  out  the  line.  Rotaries  in  two  large  substations  were 
running  from  this  line  but  they  merely  dropped  their  load  and 
did  not  feed  back  into  the  cable.  Immediately  after  the  trouble 
occurred  the  Hne  tested  clear  and  9,000  volts  was  applied  for 
about  10  minutes.  When  the  trouble  was  located  it  was  found 
that  about  6  inches  of  the  copper  in  one  line  was  gone,  and  there 
was  an  irregular  shaped  hole  in  the  lead  approximately  three  by 
six  inches. 

The  second  case  of  trouble  occurred  about  four  miles  from  the 
generating  station  and  was  manifested  by  a  motor  generator 
operating  from  this  line,  making  a  peculiar  noise.  It  was  after- 
wards found  that  this  was  due  to  its  running  as  a  single-phase 
instead  of  a  three-phase  motor.  The  operator  at  the  generating 
station  had  not  noticed  any  trouble.  One  copper  was  found 
burned  open  and  there  was  a  hole  in  the  lead  approximately  the 
size  of  a  half  dollar. 

Th^se  two  cases  of  trouble  are  possibly  unusual  in  that  very 
little  damage  was  done.  I  believe  however  if  we  had  been  operat- 
ing without  a  grounded  neutral  the  chance  would  have  been 
greater  for  more  serious  trouble  owing  to  the  displacement  of  the 
neutral  that  would  have  occurred. 

President  Scott: — We  shall  be  pleased  to  hear  from  Mr. 
Eglin. 

Mr.  Wm.  C.  L.  Eglin: — Our  experience  is  difTerent  from 
that  of  other  large  companies  in  that  we  use  a  higher  frequency 
and  as  we  started  with  60  cycle  rotaries  before  they  were  properly 
developed,  it  necessitated  the  use  of  direct  current  circuit- 
breakers  on  the  direct  side  of  the  rotary  converters,  for  the  reason 
that  these  rotary  converters  were  installed  in  stations  with 
storage-batteries  and  also  with  other  similiar  units.  With  hand 
operation  the  current  on  the  direct  current  side  of  the  rotary 
would  flash  over  before  the  operator  had  time  to  open  the  circuit- 
breaker,  and  with  a  large  battery  in  the  station  it  generally 
resulted  in  wrecking  the  rotarv,  at  least  wrecking  the  brush- 
holders.  There  were  very  few  of  the  brush-holders  left  after  that 
flashing  took  place ;  so  that  we  have  used  circuit-breakers  on  the 
direct  current  side  of  all  rotaries  since  that  time.  If  we  had 
machines  with  effective  bridges  it  is  possible  we  would  not  have 
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used  the  automatic  circuit-breaker  on  the  direct  current  side  of 
the  rotary. 

The  only  other  protective  device  is  an  automatic  speed  Hmit 
device  to  prevent  speeding  up  beyond  a  predetermined  speed. 

One  feature  that  I  feel  has  not  been  discussed,  and  I  was  sorry 
it  didn't  have  more  discussion  in  connection  with  the  paper  last 
night,  is  the  limiting  of  current  on  the  high-tension  feeder.  I 
feel  that  with  the  growth  of  the  size  of  generating  stations  and 
all  of  the  feeders  being  run  in  parallel  on  a  large  generating  sta- 
tion, we  must  provide  some  means  for  limiting  the  amount  of 
energy  that  can  be  put  in  to  any  short  circuit  of  a  high-tension 
cable.  Our  own  practice  has  been  to  subdivide  the  feeders  at  the 
substations  so  that  at  the  substation  ends  the  feeders  were  not 
tied  together.  I  think  our  operation  has  been  much  more  suc- 
cessful since  this  has  been  done.  We  had  conditions  similar  ta 
those  that  are  spoken  of  by  the  high-tension  people;  that  is,  that 
we  had  the  cables  break  down  when  they  were  tied  together  at  the 
substation  end,  and  a  number  of  other  cables  would  break  down 
for  some  unexplained  reason.  Last  winter  we  ran  through  with 
all  of  our  cables  separated  at  the  other  end,  and  if  a  cable  broke 
down,  that  was  the  end  of  the  trouble;  no  other  cable  would 
break  down  due  to  the  disturbance  in  the  Hne  during  the  time 
of  the  short  circuit. 

Mr.  Mailloux: — I  think  that  the  customer  sometimes  has 
to  combat  the  zeal  of  the  manufacturer's  sales  agent  in  such 
matters.  The  importance  of  doing  away  with  automatic  con- 
trol of  the  generators  is,  I  think,  such  that  it  should  not  be 
under  estimated  or  passed  over  lightly.  It  is  of  great  importance 
in  central  stations,  and  it  is  even  of  greater  importance  in 
relatively  large  isolated  plants.  Perhaps  the  first  attempt  made 
to  dispense  with  it  in  a  large  isolated  plant  was  in  connection 
with  the  Astoria  Hotel  nearly  nine  years  ago.  In  laying  out  the 
plant  there  I  foresaw  that  it  would  not  do  at  all  to  have  the 
machines  become  disconnected  just  as  soon  as  we  happened  to 
have  a  little  overload,  and  that  it  was  necessary  to  resort  to  some 
other  means  of  dealing  with  overloads.  We  first  tried  to  raise  tl:e 
limit  by  putting  on  larger  fuses,  and  we  foresaw  that  cases  might, 
occur  even  where  that  would  not  do.  We  finally  resorted  to  the 
expedient  of  putting  in  an  overload-relay,  which  operated,  not 
to  cut  out  the  dynamo  but  to  put  on  a  red  light  and  ring  a  big 
bell,  the  effect  being  to  call  attention  of  all  the  attendants  to  the 
fact  that  there  was  danger,  while  the  red  light  would  show  the 
particular  dynamo  that  was  overloaded.  It  was  found  in  prac- 
tice, however,  that  even  that  was  not  a  desirable  thing  to  do, 
because  it  might  excite  a  panic.  The  apparatus  is  there,  but  it 
was  never  used  and  they  now  depend  on  the  operators  entirely. 
There  is  a  man  whose  duty  it  is  to  stand  by  all  the  time  and  see 
to  it  that  no  panic  occurs.  If  there  is  any  overload  it  is  better  to 
let  the  machine  run  up  to  100  per  cent,  overload,  if  necessary, 
rather  than  take  chances  of  having  a  machine  become  cut  out  and 
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cause  a  serious  panic.  You  understand  that  in  a  place  like  the 
Waldorf-Astoria,  where  the  load  is  comparable  to  that  of  a  small 
town,  with  from  20,000  to  30,000  incandescent  lamps  and  a  motor 
load  varying  from  500  to  1,000  h.p.,  it  is  a  serious  matter.  I  am 
pleased  to  say  that  in  something  like  eight  or  nine  years  only  one 
or  two  interruptions  have,  occurred,  and  one  of  those  was  due  to 
the  breaking  of  a  steam  pipe. 

Mr.  Mershon: — I  would  like  to  hear  further  from  Mr.  Torchio 
or  his  representative,  Mr.  Wells,  in  regard  to  a  number  of  points. 
One  is  in  reference  to  his  statement  at  the  bottom  of  page  422, 
that  only  four  cable  breakdowns  out  of  18  faults  in  high  tension 
cables  could  possibly  have  been  due  to  defective  installation.  As 
far  as  anything  in  the  table  itself  is  concerned,  it  seems  to  me  that 
nine  of  the  faults  there  mentioned  might  have  been  shown  by  a 
voltage  test.  I  should  like  to  ask  also  whether  it  is  the  practice 
of  the  Edison  Company  to  install  cables  and  put  them  into  ser- 
vice without  giving  them  any  more  of  a  voltage  test  than  one  at 
normal  voltage.  In  regard  to  the  method,  mentioned  by  Mr. 
Torchio,  of  keeping  each  set  of  apparatus  consisting  of  cables, 
transformers,  and  converters  separate  and  distinct  until  the 
direct  current  bus-bars  were  reached,  it  seems  to  me  that  con- 
dition is  undesirable  because  of  the  fact  that  you  do  not  get  the 
benefit  of  your  copper  on  low  loads.  Under  such  conditions 
you  must,  as  your  load  diminishes  and  you  cut  out  rotaries,  and 
transformers,  cut  out  also  the  cables  to  them  so  that  you  keep 
up  to  a  certain  point,  a  constant  load  loss  on  the  cables  that 
remain  in  service.  I  suppose  that  if  it  were  possible  to  obtain  a 
reverse  circuit-breaker  that  could  be  depended  upon  to  cut  out  a 
damaged  cable,  which  would  operate  under  very  low  voltage  or 
at  no  voltage  —it  would  be  desirable  to  multiply  the  cables.  I 
would  like  to  ask  Mr.  Stott  at  this  point  whether  he  has  gotten  on 
the  track  of  any  such  reverse  relay,  and  whether  he  thinks  there 
is  any  chance  to  have  one  in  the  future?  His  reply  will,  I  hope, 
bring  Mr.  Gerry  into  the  discussion,  as  Mr.  Gerry  expressed  him- 
self a  while  ago  as  confident  that  such  device  was  obtainable. 
If  there  is  such  device  I  would  like  to  know  about  it. 

I  would  like  to  ask  Mr.  Fisher  whether  he  has  made  any  inves- 
tigation of  the  rise  in  the  temperature  of  cables  due  to  the  diffi- 
culty of  getting  the  heat  from  the  cable  out  into  the  ground ;  that 
is  to  say,  as  to  the  fall  in  temperature  that  is  necessary  to  force  a 
watt  across  a  given  amount  of  duct  and  into  the  ground ;  whether 
he  has  gotten  any  results  which  would  enable  one  to  calculate,  in 
a  duct  system,  what  \^'ith  a  given  distribution  of  load  in  the 
cables,  the  temperature  would  be  of,  say,  a  cable  in  middle  duct. 
I  tried  to  get  some  information  of  that  sort  a  while  ago,  and  went 
just  far  enough  to  get  the  infonnation  that  would  answer  for  the 
particular  installation  I  was  about  to  make.  The  results  were 
not  very  full  and  referred  t  >  a  conduit  consisting  of  a  very  few 
ducts.  I  should  also  like  to  know  whether  Mr.  Fisher  has  anv 
definite  figures  on  the  actual  temperature  at  the  conductor  which 
large  paper  cables  will  stand  continuously  without  injury? 
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Mr.  Mailloux: — I  think  that  the  maximum  voltage  limit 
of  cables  is  one  of  the  important  questions.  1  meet  with  that 
question  constantly  in  my  practice,  in  cases  where  one  wishes  to 
run  overhead  but  comes  to  pieces  of  property  where  we  cannot 
possibly  get  the  right  to  run  overhead.  I  have  had  such  cases  in 
districts  where  rich  men  live,  who  seriously  object  to  having 
overhead  wires  of  any  kind  pass  by  or  near  their  properties.  In 
one  case  it  happened  that  my  clients  themselves  are  the  people 
who  most  objected.  They  were  stockholders  of  the  company, 
and  owned  it,  and  yet,  though  they  understood  fully  the  import- 
ance of  getting  past,  they  did  not  want  the  lines  run  overhead. 
In  some  cases  we  have  had  to  resort  to  very  expensive  under- 
ground construction  in  order  to  meet  that  difficulty.  Now,  as 
the  radius  of  activity  of  such  a  station  increases — as  the  territory 
expands  on  the  outskirts — it  becomes  all  the  more  important  to 
be  able  to  raise  the  voltage.  I  had  a  case  which  was  started 
at  2,000  volts,  which  was  intended  to  operate  over  a  radius  not 
exceeding  two  miles.  At  the  end  of  two  years  we  raised  the 
potential  to  6.000  volts  and  extended  the  radius  to  about  10  miles. 
We  are  now  desirous  of  extending  that  radius  to  25  miles.  I  may 
state  incidentally  that  the  station  was  designed  for  500  kilowatts. 
It  is  now  being  transformed  into  a  6,000  kilowatt  station.  This 
gives  you  some  idea  of  the  growth  of  the  system  and  of  the  diffi- 
culties which  are  likely  to  come  up  in  connection  with  a  station 
growing  under  those  conditions.  The  problem  with  which  we 
are  confronted  is,  to  what  voltage  shall  we  now  step  up?  We 
shall  probably  operate  at  three  voltages  corresponding  to  three 
zones,  a  2,000  volt  zone,  a  6,000  volt  zone,  which  we  already 
have,  and  a  still  higher  zone.  Now,  shall  that  zone  be  12,000, 
15,000  or  20,000  volts?  It  seems  to  me  that  it  is  going  to  be 
limited  by  the  limiting  voltage  at  which  I  can  get  underground 
cables  which  will  be  rehable  for  good  service.  I  have  been  told 
by  some  that  these  cables  can  be  operated  successfully  at  10,000 
volts;  by  others,  as  high  as  20,000.  I  should  like  very  much  to 
hear  from  Mr.  Mershon,  from  Mr.  Fisher,  and  especially  from 
central  station  men  who  have  had  experience  with  high-voltage 
cables.  What  is  the  highest  voltage  limit  that  we  can  now  safely 
depend  upon  in  cables? 

Mr.  W.\lter  F.  Wells: — In  reply  to  Mr.  Mershon's  question, 
I  would  say  that  it  is  the  practice  of  the  New  York  Company  not 
to  make  over-voltage  tests  on  cables;  and  this  also  applies  gen- 
erally speaking  to  all  electrical  apparatus.  Apparatus  as  well  as 
cables  thoroughly  tested  before  being  installed.  A  test  of  a 
slight  over- voltage,  say  20  per  cent,  to  30  per  cent.,  is  enough  to 
determine  whether  the  work  has  been  properly  done  or  not. 

As  to  the  four  faults  referred  to  by  Mr.  Torchio,  which  might 
have  been  found  by  an  over-voltage  test  originally,  two  of  them 
were  probably  short  bends  in  manholes.  As  to  the  other  two,  I 
am  not  well  enough  acquainted  with  the  records  to  know  which 
they  were.     They  must  have  been  some  of  the  faults  in  splices. 
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Those  shown  by  low  insulation  test  evidently  were  good  in  the 
beginning  and  gradually  deteriorated. 

Mr.  Mershon: — How  about  these  faults  designated  as  **  in 
splice?  " 

Mr.  Wells: — Those  evidently  were  all  right  in  the  beginning 
and  gradually  deteriorated,  whether  due  to  external  injury  or 
not,  I  cannot  say.  Several  companies  operate  in  the  same  man- 
holes, and  sometimes  the  cables  are  roughly  handled  by  em- 
ployees of  other  companies  or  by  contractors  working  on  the 
Rapid  Transit  Subway  excavations. 

Mr.  Stott: — In  reference  to  the  absence  of  tests  on  cables,  I 
would  say  it  is  the  practice  of  the  company  with  which  I  am 
connected  to  make  a  30  minute  test  of  100  per  cent,  over-voltage. 
That  is  to  say,  on  the  11,000  volt  cables  which  we  operate,  we 
would  make  a  30  minute  test  at  22,000  volts  on  the  insulation 
between  the  three  conductors  and  between  the  conductors  and 
the  ground.  We  find  that  a  joint  which  is  comparatively  poor 
will  stand  up  as  long  as  IS  minutes  and  then  break  down,  and  in 
every  case  where  we  have  broken  down  cables,  with  the  30  minute 
test,  the  result  has  been  fully  justified  by  what  we  found  in  the 
joints.  Incidentally,  I  can  perhaps  throw  a  little  light  on  Mr. 
Mailloux's  question  as  to  the  reliability  of  cables.  We  have  in 
operation  on  11,000  volts,  three-phase,  over  120  miles  of  under- 
ground cable.  Out  of  that  120  miles  we  have  had  only  one  fault 
in  the  cable  itself.  All  the  rest  were  due  to  inferior  work  in  the 
joints;  and  I  would  say  that  since  they  went  into  operation  20 
months  ago,  we  have  had  a  total  of  four  breakdowns  while 
operating.  All  the  rest  were  taken  care  of  in  the  over-potential 
tests.  Out  of  the  entire  120  miles  there  has  only  been  one  spot 
of  weak  cable.  I  think  that  is  a  very  remarkable  record  and  one 
that  shows  that  1 1 ,000  volts  is  an  absolutely  safe  voltage.  We 
have  the  feeling  that  1 1 ,000  volts  is  a  great  deal  easier  to  handle 
underground  than  650  on  a  grounded  return  circuit,  because  you 
are  very  liable  to  get  a  very  large  current  coming  back  through 
the  lead  covering. 

On  the  grounded  system,  such  as  we  operate,  no  matter  how 
■much  copper  you  put  in  to  bring  back  the  current  to  the  negative 
bus-bar,  it  is  almost  a  physical  impossibility  to  get  enough  copper 
in  the  street  to  reduce  the  drop  below,  say,  10  volts.  The  lead 
sheet  of  a  cable  2%^  diameter  has  a  resistance  of  approximately 
1  / 10  of  an  ohm  per  thousand  feet,  so  tnat  a  length  of  500  feet  sub- 
jected to  10  volts  will  give  you  something  like  200  amperes  in  the 
lead  sheath.  We  found  by  actual  test  that  the  lead  sheet  of  such 
a  cable,  25"  external  diameter,  and  the  sheath  itself  being  9/64th 
inches  thick,  would  onlv  stand  400  amperes  continuously  until  it 
reaches  100*^  C.  rise.  That  of  course  was  too  high.  I  think  that 
a  great  deal  of  the  underground  trouble  has  been  due,  not  to 
faults  m  the  insulation  but  to  faults  in  the  lead  sheath.  That  is 
to  say,  stray  currents  from  other  j)ropcrties  have  got  back  into 
that  lead  sheath  and  melted  off  the  lead  in  spots  where  it  touches 
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the  hanger  in  the  man  hole.  Of  course,  that  admits  moisture, 
and  the  insulation  gradually  deteriorates  and  breaks  down. 

Incidentally,  I  do  not  think  it  is  worth  while  considering  or  dis- 
cussing rubber-insulated  cables  at  the  present  time,  because  the 
cost  of  a  rubber  cable  is  approximately  100  per  cent,  greater  than 
that  of  a  paper  cable. 

We  have  installed  reverse-current  relays  in  our  substation 
feeders,  but  owing,  as  I  said,  to  the  fall  in  potential  aflj^cting  the 
shunt  coils,  we  found  them  entirely  unreliable.  That  is  to  say, 
in  case  of  short  circuit  in  one  feeder,  the  other  feeders  will  all  go 
out  together,  owing  to  the  overload  current  carried  by  them 
through  the  substation  to  the  break  in  the  cable ;  so  that  when- 
ever one  feeder  went  up  it  invariably  meant  that  the  entire  sub- 
station was  shut  down  for  a  period  of  from  two  to  five  minutes, 
according  to  the  number  of  rotaries  that  were  running.  Again, 
there  is  always  a  doubt  existing  in  the  mind  of  the  operator  as  to 
which  one  of  the  five  or  six  feeders  was  in  trouble,  as  all  the 
circuit-breakers  went  out  at  the  power  house i  and  it  was  very 
difficult  for  them  to  tell,  without  testing,  which  one  was  in 
trouble.  I  do  not  know  how  Mr.  Wells'  people  operate  in  that 
way,  but  we  found  it  absolutely  impossible  to  determine  which 
feeder  was  in  trouble,  as  all  the  overload  breakers  went  out 
simultaneously.  To  get  around  that,  we  simply  separate  the 
feeders  at  the  substation  so  that  each  feeder  supplies  its  own 
rotary.  We  have  had  short  circuits  on  feeders  since  that  change 
was  made  and  the  automatic  apparatus  took  care  of  it  perfectly 
without  any  interruption  whatever  to  the  service  at  the  power 
house  or  substation.  In  fact,  no  one  knew  anything  about  it 
until  the  indicating  lamps  showed  that  the  oil-switch  had  gone 
out.  I  believe  a  new  device  has  been  gotten  up  by  one  of  the 
manufacturing  companies  which  is  really  not  a  reverse  current 
relay,  but  a  system  they  have  of  causing  one  relay  to  lock  the 
others.  Suppose  there  are  three  or  four  feeders  in  multiple — the 
one  which  has  the  short  circuit  on  it  will  evidently  receive  the 
greater  amount  of  current.  Therefore  its  solenoid  will  move  up 
faster  than  the  others,  which  are  merely  carrying  the  overload. 
As  that  one  reaches  the  limiting  point  it  closes  a  contact  which 
locks  all  the  other  feeder  relays  in  that  substation.  As  soon  as  it 
breaks  it  trips  its  own  circuit-breaker;  then  it  releases  all  the 
other  relays  again.  It  is  simply  a  little  solenoid  at  right  angles 
to  the  core  of  the  primary  solenoid,  and  it  drags  over  the  core  so 
hard  that  it  cannot  move  vertically.  That  has  been  laid  out  and 
is  going  to  be  installed  on  the  underground  division  of  the 
Interborough  Rapid  Transit  Company,  but  I  do  not  think  it  has 
been  put  into  actual  use  up  to  date. 

Mr.  H.  W.  Fisher:  -I  will  commence  by  answering  Mr. 
Mershon's  first  question. 

About  two  months  ai^o  I  spent  nearly  five  weeks  with  the 
Niagara  Falls  Power  Company  conducting  experiments  to  deter- 
mine the  rise  of  temperature  due  to  different  currents  on  cables 
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laid  in  ducts.  We  experimented  on  different  single  conductor 
cables  ranging  from  3/0  to  1,250,000  cm.,  and  also  on  two  and 
three  conductor  cables.  The  temperatures  of  the  ducts  at  differ- 
ent points  were  determined  by  means  of  thermo-couples,  consist- 
ing of  rubber  covered  iron  and  German  silver  wires,  all  of  which 
had  previously  been  compared  with  a  thermo-couple  which  we 
used  as  a  kind  of  standard  and  the  terminals  of  which  we  kept 
daily  at  the  temperatures  of  ice  and  of  boiling  water.  We  also " 
used  resistance  coils  which  had  previously  been  calibrated  to  give 
the  variation  of  resistance  with  temperature.  Our  experiments 
revealed  the  fact  that  there  was  a  great  deal  of  difference  in  tl.e 
radiating  power  of  different  ducts;  that  the  corner  ducts  radiate 
best,  and  the  middle  and  top  ducts  become  the  hottest.  Some 
tests  made  by  the  Niagara  Falls  Power  Company  revealed  the 
fact  that  the  top  ducts  were  the  hottest ;  an  explanation  of  this 
is  that  there  were  openings  here  and  there  at  points  where  the 
terra-cotta  ducts  were  joined  together,  through  v*hich  the  heated 
air  circulated  in  an  upward  direction. 

Tests  of  different  numbers  of  1,250,000  c.  m.  cables  showed 
that  the  rise  in  temperature  of  the  duct  when  four  cables  were 
employed  was  85  per  cent,  of  what  it  was  when  eight  cables  were 
employed ;  and  when  two  cables  were  employed  the  rise  was  74 
per  cent,  of  what  it  was  for  eight  cables. 

The  Niagara  Falls  Power  Company  is  in  some  cases  using 
water  circulation  in  iron  pipes  to  reduce  the  temperature  of  the 
ducts,  and  by  so  doing  a  reduction  of  20®  Centigrade  was  ob- 
tained in  one  case. 

Mr.  Mershon: — ^What  is  the  maximum  temperature  that  a 
cable  will  stand  contmually  without  injury  to  the  insulation? 

Mr.  Fisher: — I  can  say  that  100°  Centigrade  continually 
applied  to  a  paper  cable  will  eventually  deteriorate  the  paper, 
making  it  quite  brittle. 

I  am  conducting  experiments  along  this  line  now  to  find  out  the 
maximum  temperature  which  will  not  injure  paper-covered 
cables. 

With  reference  to  Mr.  Mailloux's  question  as  to  whether  cables 
sold  for  a  certain  voltage  could  not  be  subjected  to  twice  that 
voltage  when  it  is  desirable  to  raise  the  voltage  in  the  generator 
plant,  I  would  say  that  it  is  hardly  fair  to  subject  cables  to  a 
working  pressure  much  in  excess  of  what  they  are  designed  for. 
Whether  this  could  be  done  or  not  would  depend  largely  on  the 
kind  of  cable  arid  the  voltage  at  which  it  was  normally  designed 
to  work. 

Mr.  Mailloux: — What  is  the  highest  voltage  you  have  made 
them  for? 

Mr.  Fisher: — Cables  are  working  now  at  about  22,000  volts. 

Mr.  Mailloux: — Are  they  to  be  obtained  under  guarantee  for 
that  amount? 

Mr.  Fisher: — Yes.  By  experience  and  experiment  we  are 
continually  learning  improved  methods  of  manufacture  and  dis- 
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covering  better  insulating  compounds,  and  for  some  time  at 
least  I  think  we  will  be  able  to  supply  what  is  likely  to  be  re- 
quired in  the  line  of  high-voltage  cables. 

Mr.  Mailloux: — You  say  22,000  volt  cables  are  commer- 
cially obtainable  to-day? 

Mr.  Fisher: — Yes. 

Mr.  Mailloux: — That  is  what  I  wanted  to  know. 

[Communicated  after  Adjournment  by  Mr.  W.  L.  Waters.J 
Electric  Cables  for  High-Voltage  Service. 

I  think  the  question  of  rubber  vs.  paper  for  high-tension  cables 
is  a  commercial  rather  than  an  engineering  question.  Paper 
Gables  are  simpler  to  manufacture,  and  hence  are  usually  more 
reliable  in  practice,  but  I  think  there  is  nothing  to  choose  as 
regards  reliability  between  well-made  rubber  and  well-made 
paper  cables,  provided  they  are  lead  covered. 

I  used  to  be  connected  with  a  firm  which  has  probably  had 
more  experience  than  any  other  in  the  manufacture  of  rubber 
insulated  cables,  and  we  found  that  the  chief  points  for  reliability 
in  rubber  cables  were  good  vulcanizing  and  keeping  the  rubber 
from  contact  with  the  air.  No  amount  of  text-book  science 
will  teach  a  man  how  to  vulcanize  a  cable ;  it  is  an  operation  that 
can  only  be  learned  by  experience.  And  if  the  men  making  the 
cables  have  not  had  this  experience,  the  cables  turned  out  by  any 
firm  will  in  all  probability  not  be  very  reliable. 

The  rubber  on  a  cable  which  is  poorly  vulcanized  becomes  rot- 
ten after  being  in  service  for  a  certain  length  of  time,  and  it 
cracks  and  cnunbles,  especially  when  subjected  to  mechanical 
stress.  When  rubber  is  exposed  to  the  air  for  any  length  of  time, 
the  sulphur  apparently  works  out  to  the  surface  and  oxidizes, 
forming  sulphuric  acid.  This  effect  is  more  pronounced  when 
the  insulation  is  under  electric  stress  on  account  of  the  formation 
of  ozone,  and  is  also  more  marked  in  a  cable  which  is  poorly 
vulcanized.  The  result  in  any  case  is  the  same,  that  the  cable 
breaks  down  sooner  or  later. 

In  rubber  cables,  as  in  most  other  questions  regarding  the 
permanence  of  insulation,  the  purchaser  is  more  or  less  at  the 
mercy  of  the  manufacturer,  and  I  think  that  the  cable  manu- 
facturer should  receive  his  due  share  of  the  credit  for  a  number 
of  the  mysterious  breakdowns  that  we  hear  of  on  high-tension 
rubber  cables. 

Discussion  on  *'  Use  of  Automatic  Means  for  Disconnecting 
Disabled  Apparatus." 

Mr.  R.  S.  Kelsch: — A  plant  operated  by  the  writer  for  five 
years,  was  equipped  with  expulsion  type  fuse  blocks  using 
aluminum  fuses,  on  the  eight  750  k.w.  generators,  and  the  same 
type  of  fuse  on  the  eight  5000  volt  transmission  lines  at  both  the 
receiving  and  the  generating  ends,  and  gave  excellent  results. 

On  one  occasion  the  collector  rings  for  the  field  leads  of  one 
of  the  generators  short-circuited  when  the  eight  machines 
were  operating  in  multiple.       The  disabled  generator  was  dis- 
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connected  from  the  system  without  the  trouble  being  recorded 
on  the  recording  voltmeter  in  the  city  substation. 

On  several  occasions  one  or  more  of  the  lines  were  short- 
circuited  by  wire  thrown  on  the  transmission  line,  and  on  each 
occasion  the  disabled  line  was  disconnected  without  interrupting 
the  service.  During  the  past  year,  relays  have  been  employed 
and  the  fuses  removed,  and  we  have  not  had  as  good  results. 

Recently  a  dead  short-circuit  on  one  of  the  secondary  circuits 
protected  by  a  time-limit  overload  relay  set  for  three  seconds 
caused  the  potential  of  the  system  to  fall  so  low  that  all  power 
service  was  interrupted. 

Reverse-current  relays  should  be  set  to  operate  at  five  per  cent, 
reverse  current.  Reverse  current  should  not  occur  except  unddr 
abnormal  conditions  and  under  these  conditions,  the  apparatus 
protected  by  reverse-current  relay,  should  be  disconnected 
instantaneoiisly,  and  should  not  Viave  atime  element  attachment. 
A  reverse-current  relay  so  constructed  would  operate  before  the 
potential  lowered  sufficiently  to  make  the  reiai'^  inoperative. 
The  only  objection  to  setting  a  reverse-current  relay  to  operate 
at  five  per  cent,  is  the  difficulty  m  synchronizm^.  This,  however, 
can  be  obviated  by  synchronizing  with  the  incoming  generator 
pressure  slightly  above  the  bus  pressure  and  the  synchronizer 
indicating  that  the  speed  of  the  incoming  generator  is  a  trifle 
higher  than  the  general  system,  which  will  insure  the  incoming 
machine  acting  as  a  generator  the  instant  the  switch  is  closed. 

Dr.  F.  a.  C.  Perrine: — One  question  which  has  been  touched 
on  by  a  number  of  papers  in  this  discussion,  but  which  has  not 
been  specifically  treated,  is  that  of  the  proper  subdivision  of  the 
lines  for  their  protection  from  interference.  The  apparatus  for 
line  switching  and  line  insulation  has  been  treated  for  protec- 
tion against  lightning  and  the  subdivision  of  the  circuits  has 
been  considered,  but  it  seems  necessary  to  call  attention  to  the 
fact  that  we  have  not,  as  yet,  treated  the  question  of  dividing 
the  line  up  into  sections  so  that  in  case  of  accident  the  interfer- 
ence with  the  proper  maintenance  of  supply  by  reason  of  the  use 
of  multiple  lines  shall  not  become  excessive. 

The  importance  of  this  was  recently  called  to  my  attention  by 
some  calculations  I  have  been  making  on  a  line  350  miles  long, 
for  which  figures  have  been  requested.  If  two  lines  were  in- 
stalled for  this  transmission,  using  such  a  size  of  copper  as  the 
question  of  economy  would  best  warrant,  the  regulation,  when 
only  one  of  the  two  lines  was  in  service,  would  be  too  bad  for  the 
proper  supply  of  energy  to  the  service.  In  consequence  it  was 
necessary  to  consider  whether  the  size  of  line  wire  be  increased 
or  the  line  divided  up  in  sections,  which  would  pennit  cutting  out 
only  a  short  section  in  case  of  accident  anywhere  along  the  line. 
In  lines  approaching  100  miles  in  length,  the  capital  invested  in 
each  pole  line  is  very  considerable  and  in  addition  to  the  loss  of 
energy  which  must  be  excessive  if  but  one  of  the  lines  is  in  opera- 
tion, there  is  a  heavy  capital  charge  during  such  times  which 
must  be  carefully  considered. 
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On  rhost  long-distance  lines  there  are  points  of  distribution 
along  the  line  which  naturally  cut  such  a  line  up  into  sections  and 
if  switching  stations  are  installed  at  these  distribution  points, 
permitting  the  transposition  of  the  circuits,  the  effect  desired 
cam  be  accomplished  but  it  is  not  always  possible  to  rely  on  the 
fortuitous  arrangement  of  switching  stations.  With  increased 
length  of  line,  there  may  be  great  distance  between  these  switch- 
ing stations,  and  furthermore  the  change-over  switches  operate 
under  much  more  serious  conditions  when  the  sections  they  are 
controlling  are  long  than  when  they  are  short. 

It  is  true  that  up  to  the  present  time  there  has  been  a  'general 
tendency  to  avoid  multiplying  switching  stations  on  account  of 
the  imperfection  of  high  potential  switchiing  apparatus  and  the 
increased  danger  induced  will  be  somewhat  above  the  necessary 
imperfection  of  insulation  in  the  switching  apparatus  itself. 
Such  imperfection,  however,  is  not  a  necessity  and  is  one  of  the 
questions  which  must  be  solved  in  order  to  obtain  satisfactory 
long  distance  transmission.  This  problem  solved,  the  multipli- 
cation of  switching  points  is  feasible  and  this  implies  that  with 
long  lines,  where  two  or  three  duplicate  transmission  circuits  are 
established,  it  will  become  necessary  to  establish  switching  sub- 
stations for  no  other  purpose  than  the  cutting  out  of  sections  in 
the  line  when  repairs  become  necessary,  thus  obtaining  satis- 
factory regulation,  the  efficient  employment  of  the  large  amount 
of  chemical  which  is  necessarily  employed  in  the  transmission 
for  great  distances. 

Such  switching  stations  have  been  proposed  as  frequently  as 
ten  miles  apart.  The  ordinary  practice  is  not  to  install  them 
more  frequently  than  fifty  miles  apart.  It  is  the  writer's  opinion 
that  they  should  not  be  more  distant  than  twenty-five  miles, 
and  their  location  at  fifteen  or  twenty  mile  points  would  be 
more  practical.  Handling  circuits  at  this  short  distance  will  be 
easier  on  the  switching  apparatus  itself.  Where  switching  sta- 
tions are  installed  fifty  or  seventy-five  miles  apart,  the  high 
capacity  of  the  line  between  switching  stations  increases  the 
difficulty  of  switching,  but  even  at  the  highest  voltages,  trans- 
position switches  can  be  installed  with  comparative  ease,  pro- 
vided only,  as  I  have  already  said,  their  insulation  be  sufficient . 
to  prevent  concern  for  the  safety  of  the  circuit  from  this  cause. 

In  connection  with  this  question  comes  in  the  important 
problem  of  the  use  of  automatic  switching  apparatus  for  such 
switching,  and  while  the  writer  believes  that  the  use  of  auto- 
matic switching  apparatus  be  very  advisable,  at  the  same  time 
we  must  recognize  that  at  the  present  time  the  main  problem  of 
switching  has  not  been  so  satisfactorily  solved  as  to  permit  our 
consideration  of  automatic  apparatus,  however  desirable  it  mav 
be. 

President  Scott: — We  have  had  to-day,  according  to  a  little 
account  I  have  been  keeping  here,  something  like  75  contribu- 
tions to  the  discussions  on  the  papers  which  have  been  presented. 
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You  will  notice  that  the  papers  which  have  been  presented, 
eight  in  number,  are  all  by  recognized  experts  in  their  several 
lines  of  work,  and  the  discussions  are  from  equally  well-known 
men.  Our  Committee  on  High-Tension  Transmission  is  to  be 
very  highly  congratulated  on  what  they  have  given  us,  and  the 
response  they  have  obtained. 

We  are  adjourned  until  half-past  nine  to-morrow  morning. 


A  paper  presented  at  the  20th  Annual  Convention 
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THE  FACTORS  WHICH  AFFECT  THE  ENERGY  LOSSES 
IN  ARMATURE  CORES. 

J.   WALTER  ESTERLINE  AND  C.   E.  REID. 


The  investigations  which  form  the  basis  of  this  paper  have 
been  conducted  at  the  Electrical  Laboratory  of  Purdue  Univer- 
sity during  the  past  two  years.  The  purpose  was  primarily  to 
develop  an  apparatus  suitable  for  rapid  yet  accurate  testing  of 
sheet  metal  used  in  armature  cores;  secondary  to  this  was  the 
study  of  the  effect  of  certain  factors  upon  the  energy  losses  which 
occur  in  the  armature  cores  of  generators  and  motors. 
The  Apparatus. 

A  general  view  of  the  apparatus  is  given  in  Fig.  1.  The 
wrought  iron  field-ring  is  14  inches  in  diameter,  3  inches  in  width, 
with  an  inner  diameter  of  lOf  inches.  This  yoke  is  provided  with 
five  sets  of  poles,  as  follows:  (1)  2  poles,  solid  wrought-iron;(2), 
4  poles,  solid  wrought  iron;  (3),  6  poles,  solid  wrought  iron;  (4), 
8  poles,  solid  wrought  iron;  (5),  2  poles,  built  of  .022  sheet  steel. 
The  poles  are  so  dimensioned  that  50%  of  the  armature  core  is 
covered  by  each  set.  The  field  poles  and  exciting  coils  are 
shown  in  Fig.  2. 

The  apparatus  was  designed  so  that  the  specimens  for  test 
would  be  in  the  form  of  ordinary  armature  punchings,  and  tl:e 
samples  tested  consisted  of  seven  cores  built  up  of  sheet  steel 
discs  .015  inches  thick.  Fig.  3  is  from  a  photograph  of  discs 
from  the  different  cores.  The  outer  diameter  of  these  is  six 
inches,  while  the  inner  diameters  vary  from  2  to  5  inches,  in 
different  cores.  Four  of  the  specimens  tested  have  a  smooth 
periphery,  and  three  others,  with  corresponding  inner  diameters, 
are  slotted.  The  slots  in  these  cores  are  48  in  number  and  3/16 
inches  wide  by  \  inch  deep. 
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Fig.  1. 


Fig.  2. 
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To  insure  a  uniform  quality  of  metal  in  all  the  cores,  the  discs 
were  all  stamped  and  then  thoroughly  shuffled,  after  which  the 
holes  were  punched  in  the  different  lots.  The  slots  were  milled 
in  the  cores  which  were  to  be  toothed,  and  all  the  discs  were  care- 
fully annealed. 

The  punchings  were  given  a  coat  of  shellac  and  moimted  on 
hardwood  sleeves  which  fit  a  heavy  steel  shaft  carried  in  bearings 
fastened  directly  to  the  field-ring. 


Fig.  3. 


In  order  to  insure  a  uniform  density  in  the  air  gaps  under  the 
different  poles,  so  that  there  would  be  no  undue  increase  in  the 
bearing  friction  when  the  fields  are  excited,  and  to  insure  an 
equal  distribution  of  the  flux  in  the  core,  the  poles  were  bored 
while  clamped  in  the  field  ring,  the  tool  being  carried  on  the 
sliaft. 

The  shaft  was  driven  by  a  small  direct  current  motor  through 
a  modified  form  of  the  Goldsborou'/h  torsion  dynamometer 
shown  in  Fig.  4.*     The  bearings  which  formed  a  part  of  the 

*Trans.  a.  I.  E.  E..  1900. 
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original  type  of  dynamometer  were  discarded,  one  of  the  wheels 
was  carried  on  the  driving-end  of  the  motor  shaft  and  the 
driven  member  fitted  to  a  quill  which  fits  the  shaft  of  the  ap- 
paratus, permitting  the  removal  of  the  latter  without  dis- 
turbing the  adjustment  of  the  dynamometer  spring.  The  dyna- 
mometer was  adjusted  to  the  desired  degree  of  sensitiveness  by 
changing  the  size  of  spring  used. 


Fic.  4.— Dynamometer  Details. 


Fio.  5. — Bearing  Details. 


In  order  to  detect  and  correct  for  any  chani^e  of  the  bearing 
friction,  should  the  armature  become  magnetically  unbalanced, 
or  the  lubrication  of  the  bearini^s  imperfect,  the  bearings  were 
niade  of  sf)ecial  design,  as  shown  in  Fig.  5.  The  shaft  runs  in 
the  phoshpor-bronze  bearing  c,  which,  instead  of  being  fastened 
firmly  to  the  arm  a,  is  mounted  in  a  ball  bearing  b.  When  the 
shaft  is  rotating,  the  friction  tends  to  cause  the   bearing  c  to 
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rotate  with  the  shaft,  as  the  friction  of  the  ball-bearing  was 
found  by  test  to  be  negligible  in  comparison  with  that  of  the  plain 
bearing.  Instead  of  allowing  c  to  rotate,  it  is  held  by  a  spring  d 
attached  to  an  arm  at  p.  At  the  beginning  of  a  run  the  adjust- 
ment at  F  was  made  such  that  the  pointer  stood  at  o  when  the 
machine  was  running  at  the  speed  at  which  the  test  was  to  be  run. 
Any  increase  in  the  friction  of  the  bearings  is  measured  by  the 
movement  of  p  in  the  direction  of  rotation,  and  the  reverse  for 
any  decrease.  The  divisions  on  the  scale  e  represent  the  number 
of  degrees  through  which  it  is  necessary  to  twist  the  dynamometer 
spring  to  produce  the  given  deflection  of  the  spring  d,  i.e.,  10 
divisions  on  the  scale  e  indicate  that  if  the  torque  necessary  to 
twist  the  dynamometer  spring  through  10  degrees  be  applied  to 
the  spring  d,  the  pointer  will  indicate  10.  Such  a  scale  was 
calibrated  for  each  of  the  two  bearings  for  each  of  the  dyna- 
mometer springs  used,  by  clamping  the  bearing  c  to  the  shaft, 
and  marking  the  position  of  p  corresponding  to  the  different 
angles  through  which  the  dynamometer  spring  was  twisted  in 
order  to  produce  the  deflection  of  d. 

The    driving-motor    was    operated    separately-excited,    and 
variable  speed  was  obtained  by  changing  the  impressed  e.m.f.  of 
the  armature.     The  speed  was  indicated  by  a  Buss-Sombart 
tachometer  attached  to  the  armature  shaft  of  the  motor. 
Purpose  and  Method  of  Tests. 

The  energy  losses  which  attend  the  rotation  of  an  armature 
core  in  the  magnetic  field  consist  of  the  bearing-friction  and 
windage,  hysteretic  and  eddy  current  loss  in  the  core  in  the  case 
of  smooth  cores,  to  which  is  added  an  eddy  current  loss  in  the 
pole  faces  when  the  cores  are  toothed. 

As  indicated  in  the  following  diagram,  the  hysteretic  losses 
may  be  said  to  depend  upon  the  quality  of  the  iron,  the  frequency 
of  the  flux  reversals  and  the  maximum  density  reached  during  a 
cycle.  The  frequency  is  a  function  of  the  number  of  poles  and 
the  speed.  The  maximum  magnetic  density  is  dependent  upon 
a  number  of  conditions,  and  is  usually  different  in  different  parts 
of  the  core  at  the  same  instant.  The  distribution  of  the  magnetic 
flux  through  the  core  depends  mainly  u;)on  the  depth  of  the  core, 
the  number  and  pitch  of  the  poles  and  the  dimensions  of  the  tooth 
and  slot.  The  greater  the  radial  depth  of  the  core,  the  greater 
the  difference  between  the  maximum  and  minimum  densities 
within  the  core,  for  a  given  avera.s^e  density,  and  as  the  depth  of 
the  core  becomes  less  the  distribution  of  the  flux  becomes  more 
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and  more  aniform.  The  cores  of  different  internal  diameters 
were  tested  to  determine  the  effect  of  the  variation  in  the  flux 
distribution  upon  the  core  loss.  The  frequency  and  flux  distri- 
bution both  being  dependent  upon  the  nimiber  of  poles  in  a 
machine,  these  cores  were  tested  under  different  numbers  of 
poles  also. 

When  an  armature  core  is  slotted,  the  magnetic  density  in  the 
teeth  is  greatly  increased  for  a  given  air  gap  or  core  density,  and 
the  presence  of  teeth  on  the  core  is  attended  by  an  eddy  current 
loss  in  the  poles.  The  latter  may  be  greatly  reduced  by  laminat- 
ing the  poles,  so  that  a  comparison  between  tests  of  a  toothed 
core  under  solid  and  laminated  cores  should  indicate  to  what 
extent  this  loss  in  the  pole  faces  may  be  reduced.  The  increase 
in  the  energy  expended  due  to  the  higher  densities  in  the  teeth 
may  be  shown  by  comparing  tests  of  smooth  and  toothed  cores 
under  well  laminated  poles. 
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To  make  a  core,  enough  discs  of  one  kind  were  selected  to  give 
a  gross  length  of  3  inches.  These  were  weighed,  given  a  coat  of 
shellac  and  assembled.  Before  placing  the  core  within  the  field 
an  exploring  coil  was  wound  about  the  face  of  one  of  the  poles 
and  another  wound  so  as  to  embrace  the  total  flux  passing 
through  one  section  of  the  core.  After  placing  the  sample  in 
the  apparatus,  a  saturation  curve  was  taken  by  means  of  a 
ballistic  galvanometer  in  connection  with  the  exploring  coils  just 
mentioned.  These  curves  (Fig.  6)  show  the  relation  between 
ampere-turns  per  pole  and  average  magnetic  density  in  the  core. 
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The  field  poles  were  next  thoroughly  demagnetized  by  an 
alternating  current.  On  starting  the  motor,  the  dynamometer 
reading  indicates  the  bearing  friction  and  windage,  the  springs 
which  hold  the  bearings  were  adjusted  so  that  the  reading  of  the 
pointers  p,  was  zero. 


•MJO  9000  4000 

AMPCRC  TURNS  PER  POLE 


The  speed  being  adjusted  to  give  a  desired  frequency,  it  was 
held  constant,  and  the  exciting  current  varied  stepwise,  readings 
of  current  in  the  fields,  dynamometer  and  scale  for  bearing 
friction,  beinjj  taken  simultaneously  for  each  value  of  current. 
When  maximum  current  was  reached,  the  fields  were  again  demag- 
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netized,  the  speed  changed  to  give  the  next  desired  frequency, 
the  bearing  springs  adjiisted  and  the  operation  of  varying  the 
current  repeated.  Each  core  was  tested  in  this  manner  under 
five  sets  of  poles,  at  five  different  frequencies  ani  varying  mag- 
netic densities,  making  225  complete  tests. 


1  .y' 
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When  the  fields  are  excited,  the  power  required  to  drive  the 
core  consists  of  the  friction  and  windage  and  iron  losses.  The 
difference  between  the  dynamometer  reading  for  any  current, 
and  the  friction  reading,  is  the  iron  loss.  If  the  pointers  attached 
to  the  bearings  indicate  any  change  in  the  friction,  the  amount 
so  indicated  can  be  subtracted  from  or  added  to  the  original 
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friction  reading,  depending  upon  whether  the  friction  has  de- 
creased or  increased,  since  the  scales  e  are  graduated  in  degrees 
of  the  dynamometer  spring.  From  the  corrected  dynamometer 
readings  the  watts  core-loss  in  watts  was  determined,  which 
divided  by  the  weight  of  the  core  gives  the  watts  per  pound. 
Referring  to  the  saturation  curve,  the  densities  in  the  core  for 
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the  different  values  of  ampere-turns  per  pole  are  founds  and 
curv^es  plotted  for  each  frequency,  average  density  as  ordinates, 
watts  per  pound  abscissae.  The  original  curves  from  2  of  the  35 
tests  are  shown  in  Figs.  7  and  8.  The  current  in  the  exciting 
coils  was  taken  from  a  storage  battery  and  measured  by   a 
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Weston  laboratory  standard  ammeter.  The  dynamometer 
was  frequently  calibrated,  and  gave  the  same  result  each  time. 
The  centering  of  the  cores  in  the  bore  of  the  poles  was  so  success- 
fully accomphshed,  that  there  was  very  little  increase  in  the 
friction  due  to  magnetic  pull.  So  sensitive,  however,  were  the 
ball  bearing  attachments,  that  the  increase  of  friction  due  to  a 
drop  of  cold  oil  in  one  of  the  bearings  was  readily  shown  bv  the 
p:)inter. 
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Results. 
To  illustrate  the  relation  between  the  core  loss  and  any  one  of 
the  four  variables — frequency,  magnetic  density,  number  of  poles 
and  depth  of  core — curves  have  been  drawn  from  data  derived 
from  the  35  original  curves.  In  order  that  the  results  should 
be  representative,  the  three  variable  factors  not  under  considera- 
tion were  eliminated  by  averaging  all  of  the  tests,  for  each  value 
of  the  variable  under  consideration.  For  example,  Curve  N  .  1, 
Fig.  9,  exhibits  the  relation  between  the  frequency  in  cycles  per 
second  and  core  loss  in  watts  per  pound,  for  all  the  cores  having 
smooth  periphery,  under  sets  of  2,  4,  6  and  8  poles,  and  at  mag- 
netic densities  ranging  from  2,000  to  14,000  gausses,  for  each 
value  of  frequency. 
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Curve  No.  2,  in  the  same  figure,  shows  a  similar  relation  for  all 
of  the  toothed  cores.  The  curve  for  the  cores  having  teeth  shows 
considerably  higher  losses,  due  to  the  energy  loss  in  the  pole  faces 
and  the  increased  hysteresis  loss  resulting  from  the  high  magnetic 
density  in  the  teeth  of  the  core. 


5  G  7 
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Curve  No.  1,  Fig.  10,  gives  the  relative  values  of  the  core  loss 
and  maximimi  average  magnetic  density  for  all  of  the  smooth 
core  at  frequencies  ranging  from  7.5  to  120  cycles  per  second. 
Curve  No.  2  shows  a  similar  relation  for  the  toothed  cores. 

In  studying  the  effect  of  variable  numbers  of  poles  and  depth 
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of  core,  the  product  of  the  frequency  and  magnetic  density  was 
considered  as  a  single  variable.  As  shown  in  Fig.  11,  the  rela- 
tively shallow  cores,  in  which  the  magnetic  density  is  more 
nearly  uniform,  have  the  lowest  values  of  core-loss  for  the  same 
average  magnetic  density  and  frequency.  The  same  is  true  for 
the  toothed  cores,  as  shown  in  Fig.  12.  The  lines  of  force  in 
passing  from  pole  to  pole  through  the  core,  seek  the  path  of  least 
reluctance,  and  in  so  doing  increase  the  density  in  the  outer  por- 
tions of  the  core.  In  Fig.  11,  core  No.  1  has  a  radial  depth  of  2 
inches,  No.  2,  1.5  inches.  No.  3,  1  inch.  No.  4,  .5  inch.     Of  the 
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toothed  cores,  the  results  from  which  are  given  in  Fig.  12,  core 
No.  1  has  a  depth  below  the  teeth  of  1.5  inches.  No.  2,  1  inch,  and 
No.  3,  .5  inch. 

Fig.  13  would  indicate  that  there  is  practically  little  chan^^e  in 
the  core  loss  for  different  numbers  of  poles,  for  the  same  mar^netic 
density  and  frequency,  so  far  as  the  smooth  cores  are  concerned. 
The  curve  for  8  poles  differs  from  the  other  three  on  the  same 
sheet,  more  probably  due  to  the  fact  that  it  was  impossible  to 
obtain  as  high  magnetic  densities  with  these  poles  as  with  the 
others,  but  the  frequencies  obtained  were  of  course  somewhat 
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higher.  However,  in  the  case  of  the  toothed  cores,  as  shown  in 
Fig.  14,  there  is  considerable  variation  in  the  core  loss  for  differ- 
ent sets  of  poles,  at  the  same  frequency  and  density. 

In  Fig.  15  curve  No.  1  is  the  average  of  the  four  curves  shown 
in  Fig.  13,  and  therefore  is  a  summation  of  all  data  taken  on  the 
cores  having  smooth  periphery.  Curve  No.  2  in  the  same  figure 
is  a  similar  deduction  from  all  the  data  on  the  slotted  cores.  The 
increase  in  the  loss  of  energy  due  to  the  slotting  of  the  core  is 
plainly  set  out,  as  shown  by  the  difference  of  the  values  of  the 
abscissae  of  the  curves  1  and  2.     Curve  No.  3  is  a  final  average  of 
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the  results  from  all  the  smooth  and  all  the  toothed  cores  and  is 
the  result  of  some  X2,000  observations. 

Curve  No.  1,  Fig.  16,  is  the  mean  result  of  all  the  toothed  cores 
tested  under  a  pair  of  laminated  poles,  while  Curve  No.  2  in  the 
same  figure  is  theresult  of  tests  of  the  same  cores  under  a  pair  of 
solid  poles:  the  difference  in  the  abscissae  of  these  two  curves 
denoting  the  reduction  of  the  eddy  current  loss  in  the  poles  due  to 
lamination  of  the  same.  In  building  up  the  laminated  poles,  no 
effort  was  made  to  produce  a  laminated  pole  in  any  way  superior 
to  those  obtained  in  commercial  practice.     After  the  poles  were 
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built  up,  they  were  faced  inside  and  out,  in  the  lathe;  and  the 
tests  conducted  on  the  poles  just  as  they  came  from  the  lathe,  no 
attempt  being  made  to  remove  the  effects  of  the  tool  in  forcing 
the  plates  together. 

It  will  be  noted  in  curve  No.  1,  Fig.  16,  the  toothed  cores 
and  laminated  poles  check  fairly  closely  with  curve  No.  3  of 
Fig.  15,  which  is  the  average  of  the  smooth  and  toothed  cores 
under  solid  poles,  and  also  that  the  difference  between  curve  2 
and  3,  Fig.  15,  is  very  nearly  equal  to  the  difference  between  the 
curves  in  Fig.  16.  This  being  the  case,  we  should  expect  curve 
No,  1,  Fig.  15,  to  be  representative  for  smooth  cores  under  either 
solid  or  laminated  poles;  curve  No.  3  for  toot-lied  cores,  with 
laminated  poles  and  curve  No.  2  for  toothed  cores  and  solid  poles. 
The  broken  curve  (Fig.  15),  is  from  the  core  loss  tests  of  a  large 
number  of  machines  having,  in  the  majority  of  cases,  toothed 
cores  and  solid  cast  poles.  Since  these  machines  were  built  and 
tested  by  the  manufacturing  company  which  furnished  tne  mate- 
rial for  the  cores  which  were  the  subject  of  these  investigations, 
the  last  conclusion  at  least  seems  justifiable. 

In  conclusion  the  authors  desire  to  express  their  obligations  t") 
Messrs.  A.  E.  Wood  and  C.  A.  Davis,  of  the  graduating  class  of 
1902,  for  much  assistance  in  preparing  the  apparatus  and  sam- 
ples; to  Messrs.  R.  E.  Clisby,  A.  W.  McHenry  and  J.  W.  Skinkle, 
class  of  1903,  Purdue  University,  for  painstaking  efforts  in  mak- 
ing the  observations  and  calculating  the  results:  also  to  Mr.  A.  L. 
Hadley  for  much  valuable  assistance. 
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Discussion. 

Professor  EsTEiLiNE: — I  might  also  call  attention  to  the 
fact,  which  is  not  mentioned  in  the  paper,  that  for  each  smooth 
core  which  was  tested,  there  was  a  toothed  core,  the  depth  below 
the  teeth  corresponding  exactly  with  the  radial  depth  of  the 
smooth  core,  so  that  the  results  from  smooth  and  toothed  cores 
were  readily  comparable. 

Professor  Goldsborough: — ^Professor  Esterline  in  his  paper 
has  given  us  only  a  small  part  of  the  results  which  he  obtained 
in  the  course  of  the  experiments,  and  I  think  that  by  refer- 
ence to  his  curves  we  will  all  agree  that  some  of  them  represent 
so  many  variables  that  it  is  somewhat  difficult  for  us  without 
some  study  and  thought  to  appreciate  exactly  what  they  mean. 
On  the  other  hand,  after  they  have  been  analyzed  they  bring  to 
us  very  much  more  definite  information  regarding  certain  points 
bearing  upon  the  matter  of  losses  in  armature  cores  than  we  have 
ever  before  had.  If  you  will  notice,  for  instance  in  Fig.  14,  we 
have  a  set  of  curves  plotted  with  watts  lost  per  pound  as  abscissas, 
and  the  product  of  the  flux -density  and  frequency  as  ordinates. 
You  will  notice  that  the  curve  for  eight  poles  falls  below  the 
other  curves.  In  other  words,  we  have  the  curve  for  two  poles 
below  that  for  four  poles,  and  the  curve  for  four  poles  below 
that  for  six  poles.  When  it  comes  to  eight  poles  the  curve 
drops  down  below  all  the  other  curves.  Now,  it  must  be  remem- 
bered that  these  poles  are  referred  to  the  same  field  ring  and  the 
same  armature  cores;  that  is,  at  first  two  poles  were  used;  then 
four  poles  were  placed  in  the  field  rings ;  then  these  were  removed 
and  six  poles  were  put  in  the  same  field  ring  and  finally  eight  poles 
were  put  in.  In  each  case  the  same  per  cent,  of  the  surface  of 
the  armature  n^as  covered  by  the  poles.  The  eight-pole  curve 
falls  low  owing  to  the  fact  that  there  is  saturation  in  the  arraa- 
ture  core.  For  instance,  take  this  to  be  the  annature  core  (see 
Fig.  E).  Here  we  have  the  field  ring  common  for  all  of  the 
cores  (indicating  on  blackboard),  and  with  the  eight-pole  machine 
we  have  the  poles  making  angles  of  45°  with  one  another. 
Now,  the  densities,  if  I  understand  rightly,  are  taken  in  the 
neutral  plane  (indicating) ;  that  is,  the  density  values  represent 
the  average  densities  across  the  core  between  the  pole  tips. 
We  have,  of  course,  a  flow  of  flux  from  one  pole  over  to  the  next 
one,  and  we  get  a  certain  point  near  the  surface  of  the  core 
where  the  flux  is  highly  concentrated.  As  a  general  thing  you 
will  find  that  the  iron  at  the  surface  of  the  core  is  very  muc!i 
more  densely  permeated  with  flux  than  that  at  the  inner  side. 
In  some  experiments  I  have  made  I  found  as  many  as  14,000 
lines  at  the  top  and  only  2,000  lines  at  the  bottom.  This  is 
something  that  we  frequently  lose  sight  of — that  there  is  so  great 
a  variation  in  the  density  between  the  inner  and  the  outer  edges 
of  the  laminas. 

In  the  case  of  the  two-pole  machine  tested  we  get  a  greater 
variation  in  the  core-flux  distribution  than  we  do  in  the  case  of 
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the  four-pole  macliine,  t.ie  density  there  probably  being  greatest 
near  the  inner  edges  of  the  laminas, .  owing  to  the  small  per 
cent,  of  the  armature  surface  covered  by  the  poles  and  to  the 
fact  that  the  poles  are  diametrically  opposite  one  another  with 
relatively  low  air-gap  densities,  as  compared  with  the  core  den- 
sities between  the  poles.  The  six-pole  machine  gives  still  less 
variation;  that  is,  we  come  to  a  point  where  the  distance  be- 
tween the  pole  comers  and  the  air-gap  density  is  such  that  we 
get  a  fairly  uniform  distribution  across  the  core.  When  we  pass 
to  the  eight  poles  another  condition  arises. 


You  will  see,  with  the  same  amount  of  flux  passing  between 
poles,  we  get  a  relatively  small  density  in  the  air-gap  of  the 
two-pole  machine,  by  comparison  with  the  others.  When  we 
increase  the  number  to  four  poles  the  density  in  the  air-gap 
gets  higher.  With  six  poles  the  density  in  the  air-gap  gets  still 
higher.  When  we  come  to  eight  poles  the  density  in  the  air-gap 
gets  very  high,  and  the  maximum  loss  instead  of  occurring  in  any 
section  between  the  poles,  now  occurs  in  the  iron  immediately 
beneath  the  poles.     In  other  words,  for  the  eight-pole  curve  we 
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have  the  greatest  hysteresis  loss  occurring  right  underneath  the 
pole  tips,  owing  to  the  fact  that  saturation  of  the  iron  occurs 
immediately  below  the  pole  tips.  In  passing,  then,  from  a  two- 
pole  curve  up  to  six  and  back  again  to  eight,  we  have  passed 
through  a  cycle ;  a  cycle  in  which  we  first  have  the  greatest  loss 
at  points  near  the  bottom  of  the  core  and  between  the  two  poles, 
and  finally  have  the  greatest  loss  at  the  surface  of  the  core 
under  the  pole  tips.  These  are  matters  in  design  which  we  do 
not  usually  have  in  mind,  for  the  reason  that  as  a  general  thing 
the  iron  loss  in  the  armature  is  calculated  entirely  on  the  basis 
of  the  average  density  which  occurs  in  the  core  at  a  point  midway 
between  the  pole  tips. 


T/ 


/6 


Mr.  Henry  Pickler:— I  think  we  would  all  be  very  much 
pleased  if  Professor  Goldsborough  would  explain  to  us  by  which 
method  he  found  that  on  the  top  of  the  armature  core  the  den- 
sity was  14,000  and  on  the  bottom  2,000. 

Professor  Goldsborough: — That  was  determined  in  this 
way — take  a  case,  for  instance,  in  which  we  have  two  poles,  as  in 
Fig.  F,  with  the  armature  core  beneath.  We  took  the  core  and 
simply  bored  holes  all  the  way  through  it,  in  regular  order,  as 
indicated,  parallel  to  the  armature  shaft.  Then  by  means  of 
exploring  coils  wound  through  the  holes,  and  a  galvanometer, 
we  obtained  readings  proportional  to  the  flux-density  in  different 
parts  of  the  core  by  breaking  the  field  circuit.     These  results  have 
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all  been  brought  out  in  a  paper  which  I  had  the  pleasure  of  read- 
ing before  the  Institute  at  the  Boston  Meeting,  two  or  three 
years  ago. 

President  Scott: — In  the  diagram  which  you  first  used  in 
the  two-pole  machine,  you  showed  the  difference  between  the 
outside  and  the  inside  as  14,000  to  2,000.  That  would  not  apply 
in  a  two-pole,  but  rather  in  a  many  pole  machine.  A  difference 
so  great  as  that  would  hardly  come  in  the  first  figure  which  you 
showed  here. 

Professor  Goldsborough: — That  depends  upon  the  design 
of  the  two-pole  machine  and  especially  upon  the  per  cent,  of  the 
armature  surface  that  is  covered  by  the  poles;  these  effects  are 
much  more  pronounced  where  80  per  cent,  of  the  armature  is 
covered  than  where  only  50  per  cent,  is  covered. 

Professor  Franklin: — I  would  hke  to  call  attention  to  a 
point  in  connection  with  the  last  statement  made  by  Professor 
Goldsborough.  The  distribution  (sectional)  of  flux  in  the  iron 
parts  of  a  dynamo  cannot  be  determined  with  any  accuracy  at 
all  by  calculations  based  on  the  assumption  that  the  pole  faces 
are  equi-potential  surfaces  (magnetically). 

Non-uniform  sectional  distributions  of  flux  are  determined  by 
magnetomotive  forces  which  are  of  the  same  order  of  magnitude 
as  the  actual  variations  from  constant  potential  (magnetic)  over 
the  pole  faces.  To  ignore  these  differences  is  therefore  to  ignore, 
it  may  be,  the  whole  of  the  cause  which  leads  to  non-uniform 
distribution. 

To  assume  that  the  surface  of  a  mass  of  iron  under  the  influence 
of  magnetizing  forces  is  a  surface  of  equi-potential  (magnetic)  is 
the  same  thing  as  assuming  that  the  reluctivity  of  the  iron  is 
zero,  and  under  this  assumption  flux  distribution  in  the  iron  is 
absolutely  indeterminate. 

Professor  Esterline: — A  number  of  tests  made  using  the 
ballistic  galvanometer  and  exploring  coil  show  a  very  uniform 
distribution  of  the  air-gap  flux,  with  a  small  per  cent,  of  fringing 
at  the  pole  comers. 

Professor  Goldsborough: — In  connection  with  that  I  would 
say  that  in  the  discussion  which  we  are  having  this  morning,  I 
did  not  start  out  to  enter  into  an  ultimate  analysis  of  this  prob- 
lem ;  but  to  substantiate  my  first  statement  I  would  like  to  say 
that  we  have  found  it  possible  to  determine  with  an  accuracy 
which  is  greater  than  experimental  accuracy;  that  is,  we  can 
calculate  more  closely  than  we  can  [^et  it  experimentally,  what 
the  actual  density  is  at  each  point  of  the  surface  of  the  armature, 
making  full  allowance  for  fringing  and  the  variations  in  permea- 
bility of  the  iron.  Now,  further  th  in  this,  to  carry  the  matter  to 
an  ultimate  analysis,  we  have  taken  into  consideration  the  varia- 
tions that  occur  in  the  reluctance  of  the  iron  in  the  body  of  the 
annature  core  due  to  variations  in  flux  density;  and  in  addition 
we  have  superimposed  the  armature  reaction  on  top  of  all  the 
other  reactions,  and  bv  a  method  of  vectors,  we  have  found 
exactly  the  number  of  Lues  of  force  threading  the  air-gap  and  the 
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armature  core  at  all  loads.  The  analysis  shows  that  the  core  loss 
increases  as  the  load  comes  on,  owing  to  the  fact  that  the  points 
of  maximum  density  are  changed  by  the  armature  reaction. 

Mr.  Leonard  Wilson: — I  think  that  all  designing  engineers 
will  feel  very  grateful  to  the  authors  of  this  paper  for  the  large 
amount  of  experimental  work  which  they  have  classified  in  this 
manner,  and  will  give  it  the  careful  study  it  deserves.  What  the 
designmg  engineer  really  wants  is  some  method  of  rapidly  and 
accurately  calculating  the  core  loss  in  armatures,  and  to  do  that 
he  wants  some  method  of  calculating  the  loss  in  each  part  of  the 
core  that  is,  the  loss  due  to  hysteresis  and  eddies  in  the  core 
itself,  and  in  the  teeth,  and  the  loss  that  is  due  to  eddies  in  the 
pole  pieces  and  in  the  conductors,  etc.;  and,  having  obtained 
methods  for  calculating  these  details,  then,  by  actual  tests,  he 
wants  to  obtain  some  correcting  factor  which  will  make  the 
result  approximately  correct  for  the  generator  as  a  whole.  These 
curves,  as  they  stand,  do  not  enable  one,  without  analysis,  to  see 
exactly  what  the  results  are.  For  instance,  the  curves  of  watts 
per  pound  and  density  are  usually  very  interesting,  but  to 
assimilate  them  it  is  necessary  (and  it  would  be  interesting)  to 
know  what  is  the  approximate  equation  for  those  curves.  I 
think  for  that  purpose  it  would  be  very  useful  to  plot  the  results 
on  log.  paper,  by  which  means  one  could  see  at  a  glance  approxi- 
mately what  the  order  of  a  curve  was,  that  is  to  say,  the  nearest 
index  for  each  part  of  the  curve.  In  testing  a  number  of  direct 
current  generators,  for  core  loss  it  was  found  that  the  curve  con- 
necting core  loss  and  total  magnetic  flux  was  of  a  very  high  order 
in  the  region  of  the  normal  working  flux.  That  is  to  say,  in  a 
number  of  machines  the  core  loss — ^which  includes  all  open  circuit 
electrical  losses  due  to  the  rotation  of  the  armature — -will  vary  as 
perhaps  the  5th  or  even  the  8th  power  of  the  density — perhaps  an 
average  figure  is  the  4th  power  of  the  density,  in  the  region  of 
normal  density.  At  low  densities  the  index  is  quite  different. 
I  do  not  know  that  this  paper  gives  any  particulars  of  the  loss  in 
the  teeth  at  high  densities.  I  have  not  had  time  to  look  it 
through.  But  it  seems  to  me  that  one  reason  for  the  very  rapid 
variation  of  tooth  loss  with  the  density  is  that  as  the  teeth  get 
saturated  there  is  a  large  amount  of  leakage  into  the  slot,  and 
consequently  increased  eddies  in  the  conductor,  and  at  normal 
tooth  density  the  eddy  current  loss  in  the  conductors,  such  as  it 
is,  increases  with  the  magnetizing  force  in  the  teeth;  that  is  to 
say,  increases  with  the  IP  instead  of  J5^  and  when  vou  are 
working  just  at  the  bend  of  the  saturation  curve,  the  //-  varies 
very  rapidly,  varies  perhaps  as  the  10th  or  higher  power  of  the 
density,  just  for  that  part  of  the  curve;  and  that  probably 
accounts  for  the  high  order  of  the  curves  of  density  and  watts 
per  pound. 

Mr.  M.\illoux: — I  think,  Mr.  President,  I  can  partly  answer 
the  question  put  by  the  last  speaker  in  reference  to  an  equation 
to  express  these  curves.  One  can  see  at  a  glance  that  these 
curves  can  be  approximately  expressed  by  an  X  M  function. 


46G  LOSSES  IX  ARMATURE  CORES.  [July  2 

That  is,  the  equation  probably  would  be  y  ==  b  x^.  There  is  no 
constant,  because  the  curves  all  start  from  zero;  consequently, 
the  equation  takes  the  simplest  form.  Doubtless  it  will  be  found 
that  n  is  less  than  unity  because  the  curve  has  a  close  analogy  to 
the  magnetization  curve.  The  magnetization  curve  when  it  is 
plotted,  has  an  enpirical  equation  of  the  form  y  =  a-hb  x^,  with 
an  exponent  which  varies  between  .1  and  .2.  It  is  probable 
that  in  this  case  the  exponent  would  vary  with  the  different 
curves  somewhere  between  0.5  and  a  few  tenths.  It  is  a  very 
easy  matter  to  detemiine  the  constants,  and  if  I  had  thought  of  it 
I  would  have  worked  them  out.  In  a  very  few  minutes  one  can 
take  two  or  three  points  of  these  curves  and  work  out  the  con- 
stants, that  is  to  say,. the  coefficient  b,  which  affects  the  scale  of 
ordinates,  and  the  exponent  ;/  which  affects  the  curvature. 

Doctor  Kexnelly: — Owing  to  the  way  in  which  these  curves 
are  plotted,  bending  down  instead  of  up,  which  I  think  may 
be  a  matter  of  custom — 

Mr.  M.\illoux: — I  was  going  to  refer  to  that.  If  you  turn 
the  paper  horizontally,  then  in  that  case  you  would  still  have  an 
equation  of  exactly  the  same  mathematical  type,  which  is  a 
parabola,  but  the  exponent  now  has  a  value  greater  than  unity. 

Mr.  Henry  Pickler: — In  connection  with  what  Mr.  Wilson 
said,  I  would  like  to  ask  Professor  Esterline  whether  he  tried  to 
separate  the  hysteresis  and  the  eddy  loss  in  the  armature,  and 
what  is  the  law  that  he  found? 

Professor  Esterline: — In  reply  I  would  say,  that  no  effort 
was  made  to  separate  the  hysteretic  and  the  eddy  current  losses. 
The  work  of  getting  experimental  results  ran  up  very  close  to  the 
time  at  which  the  paper  had  to  be  presented,  and  there  was  no 
time  to  go  into  those  details.  It  is  my  hope  to  carry  out  the 
work  further  at  some  future  time. 

President  Scott: — This  paper  (referring  to  Esterline  paper) 
is  in  one  sense  similar  to  those  which  were  pres3nted  yesterday. 

As  Mr.  Wilson  brought  out,  this  is  not  asimple  question,  but  a 
very  complex  one.  I  noted  yesterday  when  we  were  discussing 
the  problem  of  lightning  protection  that  some  of  our  Western 
friends  seemed  a  little  skeptical  when  it  was  endeavored  to 
express  the  subject  in  formulas  on  the  blackboard;  and  in  the 
present  case,  if  some  workman  files  his  armature  or  bolts  it 
together  a  little  carelessly,  these  curves  may  be  changed  from 
the  ^'"th  order  to  some  order  entirely  different.  A  workman 
in  the  shop  can  shift  these  curves  faster  than  the  investigator 
can  measure  them. 

Mr.  Mailloux: — I  shall  be  very  glad  if  the  author  of  the 
paper  will  communicate  to  me  the  data  relating  to  the  curves, 
or  let  me  have  the  curves  in  larger  form  to  calculate  the  constants 
and  give,  later,  in  a  written  communication,  for  the  Trans.\c- 
TioNS,  the  equation  which  will  approximately  represent  every 
one  ot  th'^se  curves. 

Professor  Esterlink: — I  shall  be  very  glad  to  do  so,  con- 
sidering that  there  are  225  such  curves. 


.4  paper  presented  at  the  20th  Anntmi  Conventior  oj 
the  American  Institute  of  Electrical  Engineers. 
\tagara  Falls.  X.  Y.,  July  2d,  1903. 


CFNTRAL  STATION  ECONOMIES. 


BY  W.  E.  GOLDSBOROUGH  AND  P.  E.  FAXSLER. 

As  an  example  of  the  most  approved  modern  practice,  we  have 
in  the  State  of  Indiana  one  of  the  finest  and  most  interesting 
railway  plants  that  has  ever  been  installed.  The  lines  of  the 
Union  Traction  Company  of  Indiana  traverse  six  counties  of  the 
State — Delaware,  Grant,  Hancock.  Henr>',  Madison  and  Marion 
— and  serve  a  population  of  350,000  people.  V^ith  its  163  miles 
of  track,  it  forms  the  largest  system  in  the  world  operated  by 
one  central  power  house. 

It  is  fair  to  say  that  a  comprehensive  test  of  this  system 
furnishes  much  data  of  interest  and  value,  in  view  of  the  promi- 
nence which  interurban  systems  have  assumed  in  the  industrial 
movements  of  to-day.  The  present  paper  deals  with  an  import- 
ant phase  of  an  economic  investigation  undertaken  during  the 
Spring  of  1902  which  included  every  element  that  enters  into  the 
system.  As  a  matter  of  convenience,  when  the  problem  of  mak- 
ing a  commercial  efficiency  test  of  the  entire  system  was  under- 
taken, the  work  was  divided  into  5  distinct  divisions.  These 
were  in  turn  apportioned  among  10  seniors  of  the  School  of  Elec- 
trical Engineering  of  Purdue  University,  Lafayette,  Indiana, 
who  arranged  and  supervised  the  work  under  the  immediate 
direction  of  the  authors. 

The  present  paper  deals  with  a  test  made  to  determine  the 
economies  of  the  main  power  station.  Messrs.  Stein,  Wilson, 
Reed  and  Gregg  are  responsible  for  the  accuracy  of  the  records 
made,  upon  which  the  conclusions  herein  contained  are  based. 
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The  main  power  station  is  located  in  North  Anderson,  adjacent 
to  the  interurban  line.  It  occupies  a  handsome  building  of  nat- 
ural-gas burned  brick  with  a  foundation  of  Greensburg  stone, 
117  feet  X 165  feet;  the  boiler  room  70  feet  X 160  feet,  9  inches, 
and  the  engine  and  generator  room  70  feet  X  160  feet  9  inches  in- 
side, with  a  height  of  35  feet  in  the  boiler  room  and  of  30  feet  in 
the  engine  room  from  the  floor  to  the  roof  trusses.  A  10  foot 
basement  gives  room  for  the^  coal  and  ash-conveyor  under  the 
boiler  room  and  for  the  static  transformers  and  storage  battery 
under  the  engine  room. 

The  Boiler  Room. 

The  boiler  room  is  provided  with  eight  Babcock  &  Wilcox 
water  tube  boilers,  rated  at  400  h.p.  each,  the  principal  dimen 
sions  of  which  are: 

Number  of  tubes,  102. 

Arrangements,  16  wide  and  12  high. 

Size  of  tubes,  4*'  diameter. 

Two  drum,  3'  diam.,  16'  long. 

O.H.  steel,  tensile  strength,  56.000  lbs. 

Steam  pressure  (rated),  160  lbs. 

A  large  brick  chimney,  200  feet  high,  inside  diam.  of  10  feet,  is 
located  just  south  of  the  boiler  room,  and  is  connected  to  the  fur- 
naces by  means  of  a  tunnel. 

The  furnaces  are  served  with  fuel  by  Babcock  &  Wilcox  chain 
grate  stokers  under  each  boiler,  ample  provision  being  made  for 
handling  th?  coal  as  follows. 

Loaded  cars  of  coal  are  brought  to  the  side  of  the  station, 
wh3re  a  large  steel  hopper  is  constructed  under  the  track.  The 
coal  is  dumped  from  th?  cars  and  passes  through  the  hopper 
into  the  coal-c:rus:h3r  located  in  th3  basement  under  ti*e  boiler 
room.  After  the  coal  is  crushed  into  pieces  about  the  size  of 
a  walnut,  it  falls  into  conveyor  buckets  and  is  carried  to  the  top 
of  the  building  and  dumped  automatically  into  large  steel  bins, 
there  being  one  for  each  boiler.  From  these  bins  hang  long 
spouts  for  carrying  the  coal  from  them  to  the  •hoppers  of  the 
stokers,  the  flow  of  coal  being  regulated  by  a  sort  of  damper 
at  the  top  of  each  spout.  The  grates  are  moved  by  a  separate 
engine,  as  is  also  the  conveyor.  As  the  grates  move  under  the 
boilers,  coal  is  fed  from  the  stoker  hoj)pers  where  the  amount  is 
regulated  by  means  of  a  striker.  The  coal  is  burned  on  this 
grate  until  it  reaches  the  back  part  of  the  furnace,  when  the 
refuse,  such  as  ash,  etc.,  falls  into  a  pit  from  which  it  is  drawn 
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into  the  same  conveyor  buckets  which  cany  the  coal.  The  ash 
is  elevated  to  the  top  of  the  building  and  deposited  in  a  special 
bin,  where  it  is  allowed  to  cool  until  such  time  as  its  disposal  is 
provided  for.  It  is  then  loaded  into  gondola  cars  and  hauled 
away. 

Feed  Water. 

The  feed  water  for  the  boilers  is  drawn  from  two  deep  wells 
located  under  the  boiler  room  by  means  of  two  deep  well  pumps. 
It  is  raised  into  a  large  tank  near  the  station,  from  which  it  flows 
by  gravity  into  a  large  open  heater,  where  it  receives  heat  from 
the  exhaust  of  all  the  auxiliary'  engines,  including  the  air  pumps. 
From  the  heater  the  water  is  forced  through  a  6^^  feed  water  main 
by  a  powerful  pump  of  which  there  is  a  duplicate  for  emergencies. 
Feed  water  can  be  delivered  to  any  or  all  boilers  at  the  will  of  the 
fireman.  The  water  main  is  located  on  top  of  the  boilers  and 
so  arranged  that  either  pump  may  be  used  at  any  time. 

A  Dean  double  acting  fire  pump  is  located  in  the  boiler  room 
basement,  and  is  used  in  cleaning  the  boilers  and  in  case  of  fire. 

Engine  Room. 

There  are  at  present  in  the  engine  room  three  cross-compound 
Corliss  automatic  cut-off  condensing  engines,  with  a  maximum 
capacity  of  2,000  horse-power  each,  and  space  for  a  fourth  unit  of 
the  same  size.  These  engines  are  built  under  a  guarantee  of  less 
than  one  per  cent,  speed  variation  from  no  load  to  full  load,  with 
an  instantaneous  variation  not  greater  than  two  per  cent,  in  any 
case.  The  economy  guarantee  is  that  the  maximum  steam  con- 
sumption of  engine,  jackets,  air-pump  and  reheating  coils,  when 
under  normal  steam  and  vacuum  conditions,  shall  not  exceed  on 
an  average  the  equivalent  of  14^  pounds  of  dry  steam  per  indi- 
cated horse-power  per  hour,  when  the  engine  and  pump  under  a 
constant  load  are  together  indicating  1,500  horse-power. 

The  general  dimensions  of  the  main  engines  are:  Diameter  of 
cylinders,  26  and  50  inches;  length  of  stroke,  48  inches;  speed, 
100  revolutions  per  minute;  diameter  of  balance  fly  wheel  18 
feet;  weight,  120,000  pounds;  diameter  of  shaft  at  middle,  24 
inches;  dimensions  of  main  bearings,  22  by  58  inches;  crank-pin, 
SJ  by  8V  inches;  cross-head  pin  7  by  8 J  inches;  length  of  con- 
necting rod,  center  to  center,  12  feet.  An  improved  Rites  inertia 
type  governor  gives  a  cut-off  variable  from  zero  to  three-fourths 
stroke. 

Connected  to  the  low  pressure  cylinders  of  the  engines  are 
jet    '-ondensers,    the   condensed    steam    and    condensing   water 
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from  which  is  allowed  to  escape  into  a  private  sewer.  How- 
ever, special  connections  are  made  at  all  joints  and  at  the  sep- 
arators in  order  that  the  water  in  the  steam  pipes  may  be 
drained  into  the  Holly  system  and  returned  to  the  boilers  to  be 
evaporated. 

The  engines  may  be  run  non-condensing  if  it  is  so  desired,  and 
for  this  purpose  large  exhaust  pipes  are  provided  to  carry  off  the 
exhaust  steam. 

Direct  connected  to  each  of  the  three  engines  is  a  1,000  k.w. 
three-phase  generator  with  rotating  fields,  separately,  excited, 
and  designed  for  100  revolutions  per  minute.  With  32  poles  this 
gives  1,600  cycles  per  minute.  Each  generator  has  a  normal 
capacity  '>f  1,600  amperes  in  each  of  the  three  phases,  the  full 
load  voltage  being  400.  Three  means  are  provided  for  the  field 
excitation:  (1)  A  50  k.w.  direct  current  generator,  direct  con- 
nected to  a  three-phase  induction  motor;  (2)  a  50  k.w.  direct 
current  generator,  giving  125  volts,  direct  connected  to  a  high 
speed  Ball  engine;  (3)  the  storage  battery  is  tapped  for  125  volts, 
to  be  used  in  an  emergency. 

This  plant  also  contains  a  substation  consisting  of  a  storage 
battery,  a  booster,  three  rotaries  and  a  switchboard.  This  sub- 
station equipment  is  the  same  as  that  of  the  remaining  sub- 
stations, except  that  it  is  of  larger  capacity. 

In  the  generator  room  are  two  switchboards  of  white  marble, 
mounted  on  an  angle-iron  frame.  One  of  these  boards  con- 
tains the  instruments  and  regulating  apparatus  for  the  alternat- 
ing current  output  of  the  entire  plant  and  the  other  is  a  typical 
substation  switchboard.  The  leads  from  each  of  the  generators 
are  led  direct  to  a  generator  panel.  Each  leg  of  the  three-phase 
circxiit  from  each  generator  is  connected  through  a  single  pole 
single-throw  2,000  ampere  switch  to  one  of  the  low  potential  bus- 
bars which  run  the  entire  length  of  the  board,  and  two  of  the  legs 
of  the  circtiit  from  each  generator  are  provided  with  2,000  ampere 
non-automatic  circuit  breakers.  There  are  three  alternating 
current  ammeters  on  each  generator  panel  reading  up  to  2,500 
amperes,  one  in  each  phase,  and  tv/o  750  k.w.  indicating  watt- 
meters are  connected  between  the  phases  of  each  machine.  The 
field  circuit  of  each  generator  is  led  to  its  corresponding  panel 
and  has  in  its  circuit  a  field  rheostat  and  a  200  ampere  direct 
current  ammeter.  The  standard  Westinghouse  synchronizing 
apparatus,  <^round  detector  and  pilot  lamps  are  also  placed  on 
each-generator  panel. 
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The  load  panel,  placed  next  to  the  generator  panels,  contains 
the  instruments  for  reading  the  total  current  on  the  bus-bars. 
There  are  three  alternating  current  ammeters,  one  in  each  leg 
of  the  circuit. reading  up  to  10,000  amperes,  two  direct  reading 
Niagara  type  wattmeters,  and  one  5,000  k.w.  integrating  poly- 
phase recording  wattmeter  reading  the  station  output. 

A  three-phase  circuit  is  tapped  from  the  low  potential  bus-bars 
to  each  of  the  low-potential  alternating  current  feeder  panels, 
each  leg. of  the  circuit  running  to  a  single  pole  switch,  and  two  of 
the  legs  having  automatic  circuit  breakers  in  them.  The  lines 
then  run  through  ammeters  to  the  250  k.w.  step-up  transformers 
in  the  basement  where  the  current  is  stepped  up  to  16,000 
volts.  The  high  potential  lines  pass  through  circuit  breakers 
on  leaving  the  transformers,  and  then  go  out  over  the  four  sets  of 
high-potential  feeder  lines.  A  lightning  arrester  is  connected 
in  each  high -potential  line  as  it  leaves  the  building. 

The  two  remaining  panels  on  this  board  are  for  the  exciters, 
one  for  the  motor-driven  and  the  other  for  the  steam-driven. 
The  engine-driven  exciter  panel  contains  a  150  volt  scale  volt- 
meter and  an  ammeter  reading  up  to  500  amperes  for  the  field 
circtiit.  The  exciter  circuit  passes  through  a  circuit  breaker 
to  the  pair  of  125  volt  field  bus-bars  which  run  behind  the 
generator  panels.  From  these  bus-bars  the  circuits  are  led  to 
each  generator  field  through  a  pair  of  plug  switches,  an  ammeter 
and  a  field  rheostat.  This  exciter  panel  also  contains  a  rheostat 
for  the  shunt  field  of  the  exciter  and  a  double  throw  two-pole 
switch,  the  function  of  which  is  to  connect  either  the  exciter 
or  the  125  volt  storage  battery  section  to  the  field  bus-bars  as 
desired.  The  motor  driven  exciter  panel  contains  a  switch  for 
the  induction  motor,  a  rheostat  for  the  exciter  field,  an  ammeter 
and  two  two-pole  knife  switches. 

None  of  the  alternating  current  ammeters  or  wattmeters  have 
their  current  coils  directly  in  the  circuit,  but  take  current  from 
the  secondaries  of  series  bus-transformers  in  which  the  bus-bar 
forms  the  one-turn  primary — the  ratio  of  conversion  of  current 
being  8,000/5  in  the  instruments  on  the  load  panel  and  20,000/5 
on  the  generator  panel.  In  calibrating  the  ammeters,  a  standard 
Stanley  hot-wire  ammeter,  with  shunts,  was  put  in  series  with 
the  secondaries  of  the  transformers  and  the  instrument  on  the 
board.  In  calibrating  the  wattmeters,  the  current  coil  of  a 
standard  Weston  wattmeter  was  connected  in  series  with 
the  current  coil  of  the  switchboard  instrument,  and  the  pres- 
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sure  coil  connected  in  parallel.  As  the  pressure  coil  of  the 
Weston  is  built  for  150  volts,  German  silver  resistance  had  to  be 
connected  in  series  with  it  and  its  value  as  a  multiplier  found  by 
calibration  with  a  Kelvin  balance.  The  station  voltmeters 
were  connected  in  parallel  with  a  standard  Weston  alternating 
and  direct  current  voltmeter  for  calibration.  All  standards 
used  in  calibration  were  calibrated  by  means  of  a  Kalvin  balance 
and  all  the  test  readings  corrected  accordingly.  As  the  in- 
struments had  to  be  caHbrated,  and  connections  made  while 
the  plant  was  in  operation,  and  as  it  was  difficult  to  get  read- 
ings over  a  very  wide  range  without  spending  time  in  waiting 
for  the  load  to  vary,  it  took  almost  two  weeks  to  complete  the 
calibrations. 

Method  op  Procedure, 
boiler  test. 
Water. — In  order  to  ascertain  the  amount  of  water  used  in  the 
boilers,  it  was  decided  that  the  oridnary  method  of  weighing  the 
water  by  barrels  was  altogether  impracticable,  so  a  Venturi 
meter  was  installed  in  the  feed  water  main  above  the  boilers. 
This  meter  is  nothing  more  nor  less  than  a  graduated  nozzle* 
so  arranged  that  pressure  gages  may  be  inserted  at  the  throat 
and  at  the  up-stream  end.     By  the  difference  in  the  pressure 
'  readings   of  these  gauges,   noted   every    15  minutes,   and  the 
known  area  of  the  nozzle,  the  cubic  feet  of  water  flowing  in  a 
given  time  may  be  calculated.     The  temperature  of  the  water 
was  also  taken. 

Prior  to  the  test  the  Venturi  meter  was  caUbrated  in  the 
Engineering  laboratory  of  Purdue  University.  The  meter  was 
connected  to  a  pump  and  means  provided  whereby  the  up- 
stream pressure  was  kept  constant  at  about  the  boiler  pressure 
maintained  in  the  boiler  room  at  Anderson,  while  the  throat 
pressure  was  varied.  In  this  work  of  calibration  a  weir  was  made 
use  of  and  hook  gauge  readings  were  taken,  so  that  the  actual 
rate  of  flow  of  water  could  be  calculated  for  the  various  differ- 
ences in  pressure  of  the  meter  gauges. 

For  the  determination  of  the  amount  of  water  used  by  the 
boilers  during  a  test  the  curve  of  flow  over  the  weir  (Fig.  1)  was 
plotted  against  the  differences  in  the  indications  of  the  gauges  on 
the  Venturi  meter  and  from  this  curve  the  actual  rate  of  flow  of 
water  to  the  boilers  was  found  from  the  records  made  every 
fifteen  minutes  during  the  test.  A  curve  was  then  constructed, 
the  ordinates  of  which  represent  the  rate  of  flow  of  water  plotted 
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against  time.  By  integrating  this  curve  for  any  desired  inter- 
val of  time  the  number  of  cubic  feet  of  water  used  during  the  said 
interval  can  be  determined  and  the  weight  of  the  water  used 
found  by  multiplying  by  60.3  the  density  of  water  at  185®  F.,  the 
feed  water  temperature. 

Coal. — ^The  method  employed  in  weighing  the  coal  was  to  close 
all  the  coal  chutes  and  but  one  to  take  all  the  coal  used  in  the  test 
from  one  bin.  Coal  was  allowed  to  fall  to  the  floor  instead  of 
into  the  stoker  hoppers,  and  was  then  thrown  into  wheelbarrows 
and  weighed;  the  contents  of  the  barrows  was  then  dumped  on 
the  floor  in  front  of  the  several  boilers  and  thrown  into  the  stoker 
hoppers  by  hand.  In  this  way  the  accurate  weight  of  coal  used 
was  kept  on  the  coal  log  together  with  the  time  of  weighing,  so 
that  a  curve  of  coal  against  time  could  be  plotted. 

A  sample  of  coal  was  taken  every  12  hours  by  the  A.  S.  M.  E. 
method,  and  tested  for  moisture  and  calorific  value. 

Special. — A  thermometer  inserted  in  the  feed-water  pipe  regis- 
tered the  temperature  of  the  water  entering  the  heater,  while  a 
thermometer  inserted  in  the  Venturi  meter  registered  the  tem- 
perature of  the  water  entering  the  boiler. 

The  barometric  pressure  was  recorded  by  an  aneroid  barometer 
placed  in  the  engine  room. 

The  boiler  pressure  was  read  from  the  gauge  over  the  central 
pair  of  six  boilers  which  were  in  service  during  the  three  days* 
test,  though  all  of  the  boiler  gauges  were  carefully  calibrated 
prior  to  the  test. 

The  engine  room  temperature  was  indicated  by  a  thermometer 
hung  from  one  of  the  voltmeter  brackets  in  front  of  the  switch- 
board but  not  in  proximity  to  any  of  the  switches  or  cables. 

The  initial  steam  pressure,  receiver  pressure  and  vacuum  in 
inches  were  read  from  the  gauges  on  the  engine  board,  while  the 
engine  speed  was  determined  with  revolution  counters  in  the 
usual  manner. 

The  time  of  starting  and  stopping  all  auxiliary  engines  was 
carefullv  noted  during  the  test  on  the  supposition  that  this 
record  would  be  of  value  when  considered  in  connection  with  a 
separate  test  to  be  made  of  the  auxiHaries  to  determine  the 
amount  of  steam  used  by  them. 

Subsequently,  owing  to  defects  in  the  valves  of  the  boiler 
room  pipe  line,  it  was  found  impossible  to  saparate  a  pair  of  the 
boilers  from  the  remainder  of  the  battery  effectively,  and  con- 
sequently the  special  test  of  the  auxiliaries  had  to  be  given  up. 
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As  stated  below,  in  figuring  out  the  net  engine  economy  an 
allowance  of  15  per  cent,  has  been  made  for  the  amount  of  steam 
consumed  by  the  auxiliaries. 

The  water  level  in  the  boilers  was  kept  as  nearly  as  possible 
at  the  same  level  throughout  the  test  and  was  noted  to  be  the 
same  at  the  end  as  at  the  beginning  of  the  test. 

Engine  Test, — ^The  engines  were  indicated  at  both  ends  of 
i>oth  cylinders,  pantagraph  reducing  motions  being  exclusively 
employed. 

Indicator  diagrams  were  taken  at  intervals  of  fifteen  minutes 
throughout  the  test,  care  being  taken  to  get  plain  diagrams 
simultaneously  on  all  cylinders.  The  r.p.m.  was  also  carefully 
noted  on  the  engine  log  together  with  steam  gauge  readings, 
vacuum  gauge  readings,  receiver  gauge  readings  and  barometer 
readings. 

The  drain  pipes  from  the  separators  were  disconnected  from 
the  Holly  system  and  so  arranged  that  the  drip  could  be  weighed, 
thus  affording  a  means  of  calculating  the  percentage  of  moisture 
in  the  steam. 

An  account  was  kept  of  the  time  the  exciter  engine  was  run, 
but  the  time  was  so  short  that  it  did  not  figure  in  the  results. 

Generator  Test, — On  the  switchboard,  readings  of  the  instru- 
ments on  each  generator  panel  were  noted,  i.e.,  of  an  ammeter, 
both  indicating  wattmeters  and  of  the  ammeter  in  the  exciting 
circuit.  On  the  load  panel,  in  addition  to  these  readings,  the 
reading  of  the  polyphase  integrating  wattmeter  was  also  taken. 
Other  readings  recorded  were — the  bus-bar  voltage,  the  exciter 
voltage  and  the  total  field  current. 

Each  generator  output  is  given  by  the  sum  of  the  two  indicat- 
ing wattmeters  on  each  generator  board.  The  total  output  of 
the  generators,  in  a  similar  manner,  is  obtained  from  the  read- 
ings of  the  two  indicating  wattmeters  on  the  load  panel,  and  the 
sum  of  these  two  load  panel  wattmeter  readings  should  equal  the 
sum  of  the  four  indicating  wattmeter  readings  on  the  generator 
panels.  The  great  inertia  of  the  moving  parts  of  the  wattmeters 
and  the  insufficient  number  of  observers,  making  it  impossible  to 
take  all  readings  at  the  same  instant,  will  probably  account  for 
any  discrepancies  in  this  part  of  the  data,  as  a  very  small  swing 
over  the  scales  will  make  an  appreciable  error.  In  most  cases  the 
sum  of  the  four  wattmeter  readings  check  very  closely  with  the 
load  panel  readings.  In  several  instances  use  was  made  of  this 
fact  in  detecting  errors  in  the  load  panel  readings.     For  instance, 
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in  plotting  the  engine  and  generator  output,  the  two  curves 
were  found  to  follow  each  other  very  nicely.  In  several  in- 
stances, however,  the  engine  would  indicate  a  large  instantaneous 
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load  while  the  load  panel  readings  for  the  same  time  would  not 
indicate    a    corresponding    increase   in    the   generator    output ; 
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recourse  to  the  generator  logs  would  invariably  either  check  the 
load  panel  readings  and  thus  show  the  error  in  the  engine  output 
due  to  the  fact  that  the  cards  were  not  taken  at  the  same  instant 
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or  would  check  with  the  engine  output  showing  the  load  panel 
readings  to  be  in  error. 

Results  of  the  Engine  and  Boiler  Tests. — In  the  records  which 
follow  it  is  not  attempted  to  give  anything  more  than  a  summary 
of  the  records  which  were  made  on  the  three  days  during  which 
the  tests  were  in  progress.  The  results  here  presented  are 
deemed  to  be  sufficiently  accurate  inasmuch  as  the  tabulated 
data  have  been  worked  over  twice  and  in  some  instances  three 
times  in  order  that  the  possibility  of  appreciable  error  entering 
at  any  point  might  be  avoided. 

In  Table  I.  is  given  a  resumd  of  the  data  covering  the  baro- 
metric pressure,  the  boiler  pressure  and  the  feed  water  tempera- 
ture. From  this  table  it  will  be  seen  thatthe  variations  in  the 
barometric  pressure  were  unimportant.  The  variations  in  the 
steam  pressure  were,  however,  at  times  quite  marked,   In  Fig.  3 


TABLE  I. 

Gbnbral  Avbragbs. 

Prbssurbs  and  Tbmpbraturbs 

April  17. 

April  18. 

April  10. 

Total. 

Hiffhest. 

Lowest. 

Barometer  in  inches  Hi? 

Feed  water  enterini?  heatcr*C... 
Feed  water  entering  boiler  •€. . . 
Boi1'»r  pressure  lbs.  per  sq.  in . . . 

28.63 
12.00 
88.7 
137.7 

28.62 
11.34 
88.5 
141.5 

28.61 
11.02 
88.6 
139.4 

28.62 
11.45 
88.6 
139.5 

28.70 
14.0 
97.0 
150.0 

28.55 
10.8 
70.8 
125.0 

a  graphic  record  shows  the  character  of  these  pressure  variations. 
On  each  day  during  the  afternoon  the  pressure  fell  off  quite 
markedly  owin^  to  the  fact  that  late  in  the  day  the  load  on  the 
station  comes  on  rapidly.  The  demand  on  the  station  was  fre- 
quently ver}^  heavy  for  a  short  time,  and  as  the  firing  had  to  be 
adjusted  to  the  average  load,  fluctuations  necessarily  took  place 
in  the  boiler  pressure.  The  average  boiler  pressure  is  very  close 
to  140  pounds;  the  maximum  record  being  150  pounds  and 
the  minimum  125  pounds  during  service  hours. 

The  temperature  of  tlie  water  entering  the  heaters  was  practi- 
cally constant  at  11°  centigrade  throughout  the  tests.  The  tem- 
perature of  the  feed  water  leaving  the  heaters  was  subject  to  vari- 
ations similar  in  character  to  tho§e  in  the  boiler  pressure,  but 
more  marked  in  degree.  These  variations  in  the  temperature  of 
the  feed  water  leaving  the  heaters  and  entering  the  boilers  is, 
however,  largely  due  to  a  different  cause.  Since  tlie  feed  water  is 
heated  by  the  exhaust  from  the  auxiliaries  its  temperature  is  de- 
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pendent  upon  the  number  of  these  auxiliaries  in  service.  Late  in 
the  day  some  of  the  auxiliaries,  especially  the  coal  crushing  and 
the  conveying  apparatus,  are  thrown  out  of  service.  During  the 
test  the  temperature  of  the  feed  water  entering  the  boilers  varied 
from  96°  centigrade  to  70°  centigrade. 

The  general  results  of  the  boiler  tests  are  given  in  Tables  II. 
and  III.  and  recorded  graphically  in  Figs.  4,  5  and  6.  During  all 
three  days  of  the  tests  the  supply  of  water  to  the  boilers  was 
fairly  uniform,  at  50,000  pounds  per  hour.  This  rate  was  ex- 
ceeded slightly  on  all  three  days,  and  on  April  19th  the  average 
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ran  up  to  57,000  pounds  per  hour.  The  rate  at  which  the  coal 
was  fired,  however,  was  subject  to  rather  marked  fluctuations. 
On  the  first  morning  of  the  tests,  owing  to  the  facts  that  the  coal 
handlers  were  **  green  *'  and  the  usual  procedure  in  the  station 
changed  on  account  of  the  coal  chutes  being  thrown  out  of  com- 
mission and  the  coal  shoveled  from  the  boiler  room  floor  by  hand, 
coal  was  fired  at  a  very  high  rate.  Subsequent  to  the  first 
morning,  however,  no  irregularities  of  any  importance  occurred, 
as,  during  the  remainder  of  the  test,  the  amount  of  coal  on  the 
boiler  room  floor  for  delivery  to  the  grates  was  supervised  by 
the  head  fireman,  and  kept  fairly  proportional  to  the  load  on  the 
station.     This  is  especially  true  of  April  18th  and  19th. 


1903 


CENTRAL  STATION  ECONOMIES. 


479 


Onion  TR/tcTioi«'co.* 

OF  INOIAIIA 
r/iM,  April  17. 1M» 


TOmO  1000 
:  njOOO    750 


;  flOjOOO    800HKX)l>- 

S6J0OO  an 


960 

Fk 

.6 

UNfON  TRACTION  CO- 

r" 

ffOO 

71 

A 

r/mt.  >IaW/  7A  7M2 

1380 

A 

kA 

fM 

M 

K  A 

./^ 

^A 

A 

/I 

/ 

^ 

M 

%'UOO 

■•Ih 

P 

^ 

f 

W^ 

n 

r 

i 

(^ 

S 

J? 

f 

V 

M 

-lA 

imiMn  mm 

"■ 

" 

'1 

\ 

A 

^Wflnn   Tfln 

f3 

^ 

A 

A 

"T 

V 

.mnm    mm 

i 

V 

==1 

iw! 

^ 

-% 

^c 

7^ 

-J' 

v^ 

^' 

^ 

V 

f 

- 

N 

N 

4RMm      MM 

"- 

3r 

\ 

4     1 

1 

' 

r    J 

1    s 

It 

i  I 

I  1? 

1  i 

P.H. 

t     i 

1  < 

t    1 

»    i 

)     1 

1 

)   { 

}  1 

B   i 

1    I 

t  1 

2 

A.M. 

Fk 

[i 

1 

A 

^^f 

\a 

Ai 

A 

fs 

A 

J 

/ 

N^ 

^n 

f  V 

K 

A 

awv  - 

IISA 

^/\ 

n 

A. 

h 

A 

1 

> 

^ 

/l 

Sv 

>unn 

j^ 

^ 

r 

r 

\ 

\ 

A 

\ 

5  IMIV 

lt50   -J 

A 

lo 

T 

*  lOOjOOO  1000  p 

=W 

■" 

A 

K 

SiftjOOO    ISO  -^ 

2\^< 

ir< 

A 

../ 

/■- 

•-N 

\ 

v\ 

1 

1.;^ 

^ 

.-^ 

_^ 

v: 

..^ 

\^ 

*% 

s 

•  fiOjOOO    MO  ' 
SjOOO    260  - 

0  0— 
S(0— 

UNION  TRACTION^C 

or  IMDIAMA 

►. 

•^ 

"n 

—— 

T 
1 

1 1 

a 

1 

1 1 

*. 

V 

4S678910U1212      34     667     8     910UU1      2 

P.M.  A.M. 


480  GOLDSBOROUGH  AND  FANSLER:  [July  2 

It  may  be  well  to  add  a  few  words  in  explanation  of  the  boiler 
test  data  of  Table  III.  Item  4  is  an  assumption,  owing  to  the 
fact  that  it  was  thought  no  dependence  could  be  placed  upon  the 
determinations  of  the  moisture  in  the  coal  made  from  the 
samples  taken,  inasmuch  as,  when  dumped  upon  the  floor,  the 
coal  was  in  a  relatively  dry  condition  on  account  of  having  been 
stored  over  the  boilers  for  a  considerable  number  of  hours  pre- 
vious to  its  being  used.  It  was  impossible,  however,  to  seal  up 
the  samples  at  once,  and  consequently  they  had  ample  oppor- 
tunity to  absorb  a  considerable  amount  of  moisture.   • 

Owing  to  the  fact  that  Item  27  of  Table  VIII.,  which  shows  the 
-equivalent  water  evaporated  per  pound  of  combustible  from  and 
at  212*^,  is  rather  high,  it  is  thought  that  the  actual  amount  of 
moisture  in  the  coal  was  less  rather  than  greater  than  the 
assumed  value  of  6  per  cent.     If  the  extreme  condition  is  as- 

TABLE  II. 
Data  on  Boilers  and  Purv  .     s. 

Number  of  boilers 8 

Kind  of  boilers riabcock  &  Wilcox. 

-Capacity  of  boilers 4U0  h.p.  each. 

Number  of  tubes,  per  boiler 102. 

Size  of  tubes 4"  diameter. 

Number  of  drums,  per  boiler 2. 

Diameter  of  drums 3'. 

Length  of  drums 16'. 

Area  water  heating  surface,  per  boiler 4000  square  feet. 

Kind  of  furnace Babcock  &  Wilcox  standard. 

Area  grate  surface 66  square  feet. 

Kind  of  fuel Brazil  block,  mine  run. 

Method  of  starting  and  stopping  test Standard.  A.  S.  M.  E.  code. 


sumed  and  the  coal  taken  to  be  dry  when  fired  under  the  boilers. 
Item  27  will  be  reduced  from  12.30  pounds  evaporated  per 
pound  of  combustible  to  11.65  pounds  evaporated  per  pound 
of  combustible,  which  is  more  nearly  in  accordance  with  the 
claims  of  the  builders  of  the  boilers. 

Results  reported  by  the  Babcock  &  Wilcox  Company  indicate 
an  average  performance  of  11.4  i)ounds  of  water  evaporated  from 
and  at  21 2"^,  per  pound  of  combustible;  the  test  figures,  therefore, 
indicate  an  excellent  perfonnance.  But  few  reports  come  to  us 
of  boilers  showing  a  maximum  evaporation  above  12  pounds  of 
water  evaporated  per  pound  of  combustible  from  and  at  212®, 
and  12.5  pounds  is  about  tlie  highest  evaporation  that  can  be 
obtained  from  high-grade  steam  fuels.  A  few  reports  have 
shown  as  high  a  maximum  as  13.25  pounds  of  water  evaporated 
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per  pound  of  combustible,  but  it  is  safe  to  say  that  an  average 
record  made  during  three  days  test  at  Anderson,  Ind.,  of  12.3 
pounds  evaporated  per  pound  of  combustible  from  and  at  212° 
is  an  excellent  showing  under  conditions  of  variable  load. 

Recent  tests  upon  electric  street  railway  properties  show  an 
economy  somewhat  less  than  this.  For  instance,  a  test  made  of 
the  Oshkosh  Electric  Railway  System*  about  one  year  ago  by 

TABLE  III. 
Results  op  Boilbr  Tbsts. 


No. 


Quantity 


April  17. 


April  18. 


April  10. 


Total 


1 
2 
3 
4 
5 

7 
8 
0 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 

31 
32 
33 


Date  of  trial 

Duration  of  trial 

Weight  coal  as  fired 

Moisture  in  coal 

Total  weight  dry  coal 

Total  ash  and  refuse 

Per  cent,  ash  and  refuse 

Total  combustible 

Dry  coal  per  hour 

Dry  coal  per  sq.  ft.  grate  per  hr 

Total  water  to  boiler 

Water  actually  evap 

Bquiv.  from  and  at  212 

Water  per  hour,  corrected 

Bquiv.  evap.  per  hour 

Bquiv.  per  sq.  ft.  grate 

Average  steam  pressure 

Temp,  feed  entering  boiler 

Moisture  in  steam 

H.  P.  developed 

Builders'  rated  h.p 

Per  cent,  b.r.h.p.  developed 

Water  evap.  per  lb.  coal 

Bquiv.  evap.  per  lb.  coal 

Equiv.  evap.  per  lb.  dry  coal. 

Bauiv.  evap.  per  lb.  combustible. . .  . 

Calorific  vaaue  coal 

Calorific  value  combustible 

Efficiency  boiler  based  on  coal 

Efficiency  boiler  based  on  combus- 
tible  

Economy  feed  water  heater 

Cost  per  ton  of  2,000  lbs 

Cost  of  coal  required  to  evaporate 
1 .000  lbs.  ot  water  from  and  at 
212* 


April  17. 
24Hr8. 
144,500 

6< 

135,8< 

16,460 

11.4 

119,340 

5.650 

14.25 

1.242.000 

1.229.700 

1.487.000 

51.200 

62.000 

167 

137.7 

88.7 

.99<" 

1.8( 

2.400 

75 

8.51 

10.21 

10.86 

12.27 

12.500 

14.100 

79.1 

83.9' 

6.15 

$1.35 


S.0655 


April  18. 

24Hrs. 

145.000 

6"~ 

136.5( 

16.540 

11.4 

119.760 

5,700 

14.40 

1.256.600 

1.244.000 

1.505.000 

O2.000 

62.800 

158 

141.5 

88.5 

.99< 

1.8J 

2.400 

75.8 

8.58 

10.30 

10.96 

12.36 

12.500 

14.100 

79.7 

84.6 

6.20 

$1.35 


$.0651 


April  19. 

24Hrs. 

146.000 

6^ 

137 .2( 

16.640 

11.4 

120.560 

5.730 

14.48 

1.256.600  3 

1.244.000 

1.505.000 

52.000 

62.200 

158 

189.4 

88.6 

.99' 

1.8: 

2.400 

75.8 

8.52 

10.22 

10.89 

12.29 

12.500 

14.100 

81.1 

84.3 

6.23 

$1.35 


ToUl. 

72Hrs. 

435,500 

409.3M 

49.640 

11.4 

359,660 

5.690 

14.39 

.755.200 

.717,700 

.497,700 

51.700 

62.400 

157.8 

139.5 

88.6 

1.805 

2.400 

75.3 

8.53 

10.24 

10.90 

12.30 

12.500 

14.100 

79.6 

84.3 

6.19 

$1.35 


$.0657 


$.0654 


Prof.  Swenson  of  Wisconsin  University  and  some  of  his  students 
shows  the  boiler  plant  to  have  developed  an  economic  evapora- 
tion of  10.6  pounds  of  water  per  pound  of  combustible,  from  and 
at  212°  F.  The  boilers  in  this  case  were  of  Babcock  &  Wilcox 
manufacture. 

An  elaborate  test  was  made  in  May,  1898,  by  the  students  of 
the  Massachusetts  Institute  of  Technology  on  the  Harvard  Power 

^Street  Railway  Review.  September  15.  1898. 
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Station  of  the  Boston  Elevated  Railway  Company.  This  station 
is  equipped  with  six  Babcock  &  Wilcox  water-tube  boilers, 
developing  a  total  capacity  of  3,000  h.p.  The  report  shows  that 
11.3  pounds  of  water  were  evaporated  from  and  at  212°  per 
pounds  of  combustible,  there  being  1  per  cent,  of  moisture  in  the 
.  coal  and  5.9  per  cent,  of  ashes  and  clinkers.  Other  points  of 
comparison  are  that  in  the  Harvard  test  the  average  boiler  pres- 
sure was  168  pounds  against  140  pounds  at  Anderson.  The 
average  temperature  of  feed  water  entering  the  boilers  was 
209°  F.  at  Harvard  against  191°  F.  at  Anderson,  and  the  heat 
gained  in  heaters  and  economizers  as  compared  to  the  total  heat 
acquired  was  7.6  per  cent,  at  Harvard  against  6.2  per  cent,  at 
Anderson.  The  Harvard  test  offers  the  best  comparison  with 
the  Anderson  tests  of  any  that  has  come  to  the  attention  of  the 
authors,  and  the  Anderson  tests  show  the  boilers  to  have  devel- 
oped a  higher  economy. 

Inasmuch  as  the  conditions  governing  the  loading  of  these 
stations  were  presumably  similar  in  character,  the  Harvard 
and  Anderson  tests  may  be  considered  fairly  representative  of 
American  practice  on  electric  roads  operating  undei  conditions 
approximating  those  which  obtain  in  the  suburban  traffic  ser- 
vice of  steam  railroads. 

The  efficiency  of  the  boilers  expressed  in  terms  of  the  total 
calorific  power  of  the  coal  is  79.6  per  cent.  This  is  a  very 
creditable  showing  in  view  of  the  fact  that  but  75.3  per  cent,  of 
the  builders'  rating  was  developed  by  the  boilers. 

The  adjustment  of  the  boiler  capacity  to  the  requirements  of 
the  station  is  better  than  these  figures  indicate,  inasmuch  as, 
owing  to  the  fluctuating  character  of  the  load,  the  demand  upon 
the  boilers  frequently  equalled — and  at  times  exceeded — their 
rated  capacity. 

Engines. 

The  efficiency  developed  by  the  engines  during  these  tests  is 
not  so  good  as  might  have  been  expected.  During  the  major 
portion  of  the  time  two  engines  were  in  service.  Engine  No.  1 
was  operated  for  24 J  hours.  Engine  Xo.  2  for  41 J  hours,  and 
Engine  No.  3  for  55  hours.  Notwithstanding  the  rapid  and 
excessive  fluctuations  in  the  load,  the  same  was  remarkably  well 
divided  between  the  engines,  and  comparatively  little  surging 
can  be  traced  from  the  records.  In  Fig.  10  curves  are  plotted 
showing  the  distribution  of  the  load  between  engines  No.  2  and 
No.  3  on  April   17th.     If  these  curves  are  scrutinized  in  con- 
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nection  with  the  load  curve  of  Fig.  7,  it  will  be  seen  that  the  divi- 
sion of  the  load  between  the  two  engines  is  almost  .perfect,  and 
that  the  load  on  the  station  was  comparatively  steady  when  con- 
sidered as  representing  street  railway  performance  during  the 
noon  hours.  Late  in  the  day,  when  the  load  had  fallen  off  and 
the  engines  were  relatively  lightly  loaded,  a  slight  see-sawing  is 
noticeable,  particularly  between  6  and  9  p.  m. 

Curves  8  and  9  show  the  character  of  the  load  on  the  station 
during  the  second  and  third  days  of  the  test,  and  it  will  be  noticed 
that  the  variations  in  the  load  were  much  more  marked  on  these 
days  than  on  the  first  day.  The  variations  are  reflected  in  Curves 
11  and  12,  which  show  the  division  of  the  load  between  Engines"2 
and  3  on  both  days.  On  April  18th  Engine  No.  3  varied  consider- 
ably in  the  amount  of  the  load  it  carried  relatively  to  the  amount 
carried  by  Engine  No.  2.  This  is  marked  between  the  hours  of  4 
and  8  P.  M.  During  this  time  the  load  on  lEngine  No.  2  was  com- 
paratively steady,  while  the  variations  in  the  load  were  taken  up 
by  Engine  No.  3.  That  the  behavior  of  the  engines  on  April 
18th  is  not  so  good  as  that  on  April  17th  is  attributed  to  there 
being  much  heavier  changes  in  the  load  on  the  station  on  the 
18th  than  on  the  17th.  On  April  19th,  as  shown  in  Fig.  9,  the 
changes  in  the  load  were  particularly  heavy.  Especially  is  this 
true  at  noon,  2  and  4  p.  m.  Each  of  these  variations  is  indicated 
in  Fig.  12  by  very  marked  fluctuations  in  the  load  of  Engine 
No.  3,  which  at  8.30  o'clock,  when  a  sudden  load  was  thrown  on 
the  station,  took  the  peak  as  well  as  the  depression  which  followed 
at  9  o'clock.  From  indications  contained  in  the  distribution 
load  curves  shown  in  Figs.  10,  11  and  12,  it  is  fair  to  assume  that 
Engines  1  and  2  were  better  regulated  and  adjusted  for  their 
work  than  was  Engine  No.  3.  It  is  hardly  thought  thdt  the  bad 
behavior  of  Engine  No.  3  can  be  entirely  attributed  to  the 
fluctuations  in  the  load  but  rather  to  some  imperfection  in  the 
governing  mechanism  of  the  engine  whereby  the  peripheral 
velocity  of  its  fly  wheel  was  accelerated  or  retarded  relatively 
to  the  velocity  of  the  periphery  of  the  fly  wheel  of  Engine  No.  2. 
In  Fig.  14  a  portion  of  the  engine  data  has  been  plotted  for  the 
purpose  of  illustrating  the  load  distribution  between  the  high 
and  low  pressure  cylinders  and  between  the  h.e.  and  c.e.  of  the 
cylinders.  The  hv^h  pressure  cylinder  of  Engine  No.  2  takes 
most  of  the  load,  but  the  division  of  the  load  between  the  h.e.  and 
c.e.  of  the  cylinders  is  fairly  uniform.  In  the  case  of  both  cylin- 
ders the  c.e.  develops  slightly  higher  power  than  does  the  he. 
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In  Fig.  15  a  similar  graphic  presentation  is  given  of  the  dis- 
tribution of  the  load  in  Engine  No.  3.  The  high  pressure  cylinder 
here  also  develops  the  greater  amount  of  power,  and  in  the  c.e. 
of  the  cylinders  slightly  more  power  is  developed  than  in  the  h.e. 

Figs.  14  and  15  cover  the  same  hours  of  April  19th,  and  com- 
paring them  it  is  very  evident  that  the  speed  regulation  of  engine 
No.  3  was  in  no  wise  equal  to  that  of  engine  No.  2,  owing  to  the 
fact  that  the  changes  of  load  on  engine  No.  3  are  greatly  in. 
excess  of  those  on  engine  No.  2. 

As  a  matter  of  general  interest,  an  effort  has  been  made  to 
determine  the  efficiency  of  conversion  of  the  combined  generating 
units  at  different  loads.     It  is  necessarily  quite  impossible  that 
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the  efficiencies  given  for  any  determined  load  by  taking  the  ratio 
of  the  total  output  in  k.w.  to  the  total  i.h.p.  should  be  the  same. 
The  energy  stored  in  the  fly-wheels  takes  up  a  considerable  por- 
tion of  the  fluctuation  in  the  electrical  load  on  the  station,  and, 
furthermore,  errors  are  always  introduced  into  recorded  data  by 
observers  in  different  parts  of  the  station  failing  to  read  their 
instruments  at  exactly  tlie  same  instant. 

In  approximating  the  correct  efficiency  curve  a  series  of 
averages  has  been  taken  of  tlie  instantaneous  efficiencies  of  con- 
version worked  out  from  the  indicator  cards  and  tlie  simultaneous 
switchboard  readings.  Fig.  13  shows  the  result  of  taking  these 
averages.     In   these   calculations   any   load   between   87.5   and 
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112.5  per  cent,  was  assumed  to  be  full  load;  loads  between 
62.5  and  87.5  per  cent.,  three-quarters  load;  and  between  37.5 
and  62.5  per  cent.,  one  half  load.  All  points  above  112.5  per 
cent,  were  assiuned  to  be  25  per  cent,  overload. 

The  great  number  of  readings  available  made  it  possible  to 
secure  a  very  close  approximation  of  the  efficiency  of  the  gener- 
ating units  and  the  efficiency  curve  of  Fig.  13  probably  quite 
accurately  represents  their  performance.  The  curve  of  Fig.  13 
shows  that  at  full  load  the  generating  units  developed  an  effi- 
ciency of  about  93  per  cent,  and  that  at  one-half  load  they  devel- 
oped an  efficiency  of  about  84  per  cent.  These  values  are  ex- 
cellent and  indicate  a  high  type  of  machinery. 

The  average  efficiency  of  the  generating  units,  i.e.,  the  ratio  of 
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the  generator  curves  and  the  i.h.p.  curves  of  Figs.  7,  8  and  9  is 
nearly  90  per  cent.,  as  shown  in  Item  12  of  Table  VIII.  The  effi- 
ciency curv'es  of  Figs.  7,  8  and  9  give  fairly  constant  results.  In 
some  instances  the  instantaneous  efficiency  falls  as  low  as  70  per 
cent.,  and  at  times  it  rises  above  95  per  cent.  No  values 
however,  occur  above  100  per  cent.,  and  this  is  a  matter  for 
remark  when  it  is  remembered  that  a  large  amount  of  energy 
is  stored  in  the  fly  wheels  and  that,  where  the  load  is  var\'ing 
rapidly,  it  is  not  an  unusual  thing  for  the  readings  of  the  elec- 
trical instruments  to  show  an  amiount  of  power  delivered  in 
excess  of  the  indicated  power  of  the  engines. 

In  the  Anderson  tests  points  of  high  efficiency  follow  very 
closely  points  of  high  load  on  the  station,  the  low  efiA^iencies 
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coming  at  points  of  low  load.   This  is  as  it  should  be  and  indicates 
good  regulation. 

In  Table  IV.  results  are  recorded  which  show  the  economy  of 
the  station  in  temis  of  the  coal  and  steam  required  to  develop  an 
i.h.p.  hour  and  a  k.w.  hour  for  the  different  days  and  for  the 
whole  test.  It  must  be  remembered  that  the  results  here  re- 
corded include  the  steam  used  by  the  auxiliaries.  The  average 
coal  consumption  per  i.h.p.  per  hour  is  2.85  pounds.  The  best 
economy  was  developed  on  the  19th,  when  an  average  of  but  2.65 
pounds  of  coal  was  required  in  developing  one  i.h.p.  This  is 
probably  due  to  the  fact  that  the  load  wa§  heavy  and  quite 
steadv  for  a  number  of  hours  on  the  afternoon  of  the  19th. 
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The  high  value  of  3.01  pounds  of  coal  per  i.h.p.  per  hour  shown 
on  the  18th  comes  from  the  fact  that  on  the  18th  the  varia- 
tions in  the  load  were  heavy  and  there  was  no  balancing  period 
of  heavy  load  during  the  latter  part  of  the  day.  In  other  words, 
the  fires  had  to  be  built  up  to  carry  the  heavy  load  at  5  o'clock ; 
while  immediately  after  5  o'clock  the  load  fell  off.  On  the  19th 
the  period  of  heav\^  load  extended  on  until  9  o'clock,  beginning 
as  early  as  2  o'clock  in  the  afternoon. 

The  weights  of  steam  required  to  develop  an  i.h.p.,  as  given 
in  Table  IV.,  vary  from  22.6  pounds  on  the  19th  to  23.9  pounds 
on  the  17th.  These  values  are  high,  even  though  they  include 
the  steam  used  by  the  auxiliaries. 

In  approximating  the  actual  coal  and  steam  economy  of  the 
engines  and  generators  the  assumption  has  been  made  that  the 
auxiliaries  require  15  per  cent,  of  the  steam  generated.     It  is  not 
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believed  that  this  percentage  is  too  high,  in  view  of  the  fact  that  a 
considerable  amount  of  power  is  developed  by  relatively  small 
^  engines  in  operating  the  crushing  and  conveying  machinery,  the 
automatic  stokers,  pumps,  etc. 

A  great  deal  of  data  as  to  the  amount  of  power  which  auxiliaries 
consume  is  npt  availiable.  Results  recently  published  by  C.  D. 
Taite  and  R.  S.  Doune*  give  a  comparison  between  steam  and 


MAP  • 


electrically  operated  auxiliaries  in  central  stations  and  show  that 
'electrically  operated  auxiliaries  require  from  6.5  to  S.o  per  cent, 
of  the  total  power  generated,  whereas  steam  driven  auxiliaries 
require  upwards  of  twice  this  amount. 

*A  paper  presented   at  a  meeting  of  the  British  institution  of  Electri- 
cal Engineers,  April  7,  1903. 
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The  records  in  Table  V.  show  that  on  April  19th  an  i.h.p.  hour 
was  developed  with  an  expenditure  of  2.25  pounds  of  coal;  and 
the  average  for  the  three  days  shows  that  an  i.h.p.  hour  was 
developed  by  2.42  pounds  of  coal.  The  average  of  seven  tests  of 
compound  condensing  Corliss,  Greene,  Mcintosh  and  Seymour,, 
and  simple  valve  motion  compound  engines,  reported  by  Prof. 
R.  C.  Carpenter  of  Cornell  University  in  a  paper  read  at  the 
Cornell  meeting  of  the  New  York  Street  Railway  Association^ 
1899,  is  2.6  pounds  of  coal  per  i.h.p.  per  hour.*  The  lowest  value 
reported  by  him  is  1.8  pounds  of  coal  per  i.h.p.  per  hour  and  the 
highest  4.06  pounds  of  coal  per  i.h.p.  per  hour.  The  low  value 
is  credited  to  an  engine  of  2,000  h.p.  capacity  and  the  high 


TABLE  4. 


Results  of  Tests  Making  no  Allowance  for 

Steam  Used  by  Auxiliaries 

Total 

Coal 

AND  Wates 

is  Charged  to  Engines  and  Dynamos  of  Main  Generating  Sets. 

Date 

Apr. 

Coal  fired 
lbs. 

Water 

delivered 

to  boiler 

lbs. 

I.  H.  P. 
hours 
devel- 
oped. 

Lbs.  coal 

I.ffp. 
per  hour. 

Lbs. 
steamper 

I.H.P. 
per  hour. 

K.  W.  H. 
devel- 
oped. 

Lbs.  coal 
pcrK.W. 
per  hour. 

Lbs. 
steamper 
K  W.  per 

hour. 

17 

144,500 

1229700 

51300 

2.82 

23.9 

33000 

4.38 

37.2 

18 

145.000 

1244000 

48000 

3.01 

25.9 

32200 

4.50 

38.6 

19 

146.000 

1244000 

55000 

2.65 

22.6 

36700 

3.98 

33.9 

3  days. 

435.500 

3717700 

153820 

2.85 

24.25 

101900 

4.28 

36.8 

value  to  an  engine  of  825  h.p.  capacity.  By  comparison  with 
these  results  the  performance  of  the  engines  at  Anderson  is  ver}" 
creditable. 

As  regards  steam  economy.  Table  V.  shows  the  best  perform- 
ance of  the  Anderson  engines  to  have  been  on  April  19th  when 
they  developed  an  average  economy  of  19.7  pounds  of  steam  per 
i.h.p.  per  hpur.  On  this  day  the  average  i.h.p.  of  each  engine 
was  1,230  and  the  maximum  h.p.  developed  1,690.  The  engines 
were,  therefore,  on  the  average,  working  under  but  60  per  cent,  of 
their  maximum  capacity.  Under  these  conditions  an  economy 
of  19.7  pounds  of  steam  per  i.h.p.  per  hour  is  not  so  bad,  and,  in 
fact,  may  be  taken  as  representing  creditable  performance.  The 
average  of  the  tests  reported  by  Prof.  Carpenter  was  18.8  pounds 
per  i.h.p.  per  hour.  The  2,000  h.p.  engine  before  referred  to 
developed  an  i.h.p.  on  14.5  pounds  of  steam  while  the  825  h.p. 

♦The*  Fuel  Economy  of  Railway  Engines,  Street  Railway  Review,  Oct., 
15.  1899. 


:'J03.] 


CENTRAL  STATION  ECONOMIES. 


493 


engine  required  22.7  pounds  of  steam.  Unfortunately  the  condi- 
tions of  loading  are  not  specified  in  these  cases  so  that  the  com- 
parison fails  in  some  particulars. 

In  the  case  of  the  test  on  the  Harvard  station  previously  men- 
tioned of  engines  made  by  E.  P.  AUis  Company,  each  of  which 
has  a  nominal  capacity  of  1,800  h.p.,  the  engines  are  shown  to 
have  developed  an  i.h.p.  with  a  consumption  of  between  14  and 
15  pounds  of  water.  This  is  a  high  economy  for  street  railway 
work.  Unfortunately  no  curves  or  other  data  are  given  from 
which  any  determination  of  the  character  of  the  variations  in  the 
load  upon  the  Harvard  station  during  the  tests  can  be  made.  On 
May  10th  the  Harvard  test  record  shows  the  engines  to  have  de- 
veloped an  i.h.p.  on  14.05  pounds  of  steam  when  the  engines  were 


TABLE  5. 

Rbsults  op  Tbsts  Piourbd  on  trb  Assumption  That  15  Pbr  Cbnt.  op  thb  Stbau 
Gbnbratbd  Was  Usbd  by  thb  Auxiliaribs. 


Date,  April. 

Lbs.  coal  per 
I.  H.  P.  per  hour. 

Lbs.  steam  per 
1.  H.  P.  per  hour. 

Lbs.  coal  per 
K.  W.  per  hour. 

Lbs.  steam  per 
K.  W.  per  hour. 

17 

2.40 

10.22 

3.72 

31.6 

18 

2.56 

22.0 

3.82 

32.8 

19 

2.25 

19.7 

3.38 

28.8 

3  days. 

2.42 

20.61 

3.64 

31.3 

under  an  average  load  amounting  to  only  72  per  cent,  of  their 
normal  rating.  This  performance  is  better  than  anything  re- 
ported by  Prof.  Carpenter  and  shows  a  performance  29  per  cent, 
better  than  that  of  the  Rice  &  Sargent  Corliss  engines  in  the 
Anderson  station.  In  operating  efficiency,  however,  the  ma- 
chinery in  the  Anderson  station  seems  to  be  the  equal  of  that 
in  the  Harvard  station,  as  both  average  90  per  cent,  with  the 
per  cent,  of  loading  in  favor  of  the  Harvard  station. 

As  also  tabulated  in  Table  V.,  the  test  results  show  that  3.38 
pounds  of  coal  and  28.8  pounds  of  steam  are  required  to  develop 
1  k.w.  hour  under  the  most  favorable  conditions.  These  values 
are  somewhat  higher  than  those  reported  for  several  street  rail- 
way power  stations  in  the  Street  Railix'ay  Rrc^ircc  of  February'  15, 
1898,  September  15,  1899,  and  July  15,  1900.  The  data  reported 
by  the  Metropolitan  Elevated  of  Chicago  show  an  economy 
var\''ing  from  2.19  to  5.78  pounds  of  fuel  per  k.w.  hour.     The 
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average  of  the  reports,  however,  runs  about  2.7  pounds  of  coal 
per  k.w.  hour.  In  these  reports  bituminous  coal  is  specified 
whereas  block  coal  of  low  grade  is  used  at  Anderson.  In  the 
test  reported  by  E.  P.  Roberts  &  Co.  made  on  October  5,  1901,* 
on  the  Dayton  and  Northern  Traction  Co.'s  system  it  is  specified 
that  the  engines  developed  an  i.h.p.  on  16.3  pounds  of  dry  steam 
per  hour  and  that  one  k.w.  hour  was  developed  on  3. 7  pounds  of 
coal  per  k.w.  hour.  The  efficiency  of  the  boiler  and  furnace  was 
65  per  cent.     Comparing  Jiese  results  with  those  of  the  Anderson 


TABLE  VI. 


Rbsults  op  Tests 

Giving  Maximum  and 
OF  Load  in  Fi 

Average  Loads,  and 
PTEBN  Minutes. 

Maximum  Variations 

Apri 
H.P. 

1  17. 
K.w. 

2250 
1950 

Apri 
H.P. 

3020 
2820 

2060 
1870 

2550 
1800 

00.1/) 

1700 

18. 

K.W. 

Apri 
H.P. 

1  19. 
K.W. 

Maximum  load  re- 
corded   L 

Engines  indicated 
Dynamos,  delivered 

3020 
2020 

2250 
2100 

3380 
3100 

2520 
2315 

f 
Average  load j 

Engines-  indicated 
Dynamos,  delivered 

Engines:  indicated 
Dynamos:   delivered 

2140 
1860 

3020 
2340 
25.50 
1840 

29 
35 

1600 
1390 

22.50 
1750 
1900 
1375 

1540 
1385 

1900 
1350 
1750 
1275 

41 
37 

2465 
2220 

3020 
2050 
28' 0 
1540 

47 
83 

1840 
1660 

Maximum  variati<»n 
of  load   recorded  S 
for  15  minutes  .  . 

2250 
1530 
2100 
1150 

Maximum  variation  f 

Engines            .... 

29 
35 

41 
37 

47 

as  above  in  per     J 
cent                          1 

Dynamos 

83 

tests,  the  steam  economy  per  i.h.p.  is  better,  the  coal  econoiny 
per  k.w.  hour  worse  and  the  efficiency  of  the  boilers  less.  The 
per  cent,  of  loading  of  the  engines  is  unfortunately  not  given. 
The  engine  economy  reported  by  Roberts  seems  extremely  good 
in  view  of  the  fact  that  the  engines  are  of  but  400  h.p.  capacity. 
They  are  of  the  Buckeye  type. 

Friction  Tests. 

Table  VIII.  gives  the  results  of  a  special  friction  test  of  Engine 
No.  2  made  on  the  morning  of  the  19th,  after  all  cars  had  ceased 
running.     Ten  readings  were  taken  after  the  operators  in  every 

*Strcet  Railway  Jaurnal,  September  6,1902. 
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substation  had  been  instructed  to  disconnect  the  direct  current 
leads  of  the  rosaries,  leaving  them  running  free.  The  power 
indicated  then,  included  that  used  in  engine  friction,  generator 
losses,  transformer  and  transmission  losses,  and  that  required  to 
run  all  the  rotary  converters  in  the  system. 

The  operators  were  next  telephoned  to  throw  off  the  rotaries, 
leaving  the  transformers  only  on  the  line,  and  ten  more  readings 
were  taken.  The  difference  in  the  indicated  power  between 
these  first  two  conditions  is  that  required  to  run  the  rotaries. 

The  generator  switches  were  then  opened,  and  ten  readings 
taken  on  "  rio  load,**  with  normal  field  excitation.  The  differ- 
ence between  the  power  indicated  under  conditions  No.  2  and 
No.  3  is  that  lost  in  the  transformers  and  in  the  high  tension 
transmission  lines. 

TABLE  VII. 
Encinb  Loo. 

Enoinb  No.  1.     Cut  in.  4  15  a.  m..  April  17.      Out,  1.30,  April  18.     21  \  hours. 

Cut  in.  4:30  a.  m..  April  19.     Out.  6:00  a.  m.,  April  19.     3i  hours. 
Total.  24i  hours. 

Enginb  No.  2.    Cut  in,  5.00  a.  m.,  April  17.  Out,  7O0  a.m  ..  April  17.  2  hours. 

Cut  in,  5  00  A.  M.,  April  18.  Out.  1  30  a.m  ..  April  19.  20*  hours. 

Cut  in,  6.15  A.  M..  April  19.  Out,  1.30  a.m  ..  April  20.  19t  hours. 
Total,  412  hours. 

Enoinb  No.  3.    Cut  in.  7:15  a.  m..  April  17.  Out,  11  30  p.  m..  April  17.  16i  hours. 

Cut  in,  4:15  a.  m.,  April  18.  Out.  11:45  p.  m..  April  18.  19*  hours. 

Cut  in.  5  00  a.  M..  April  19.  Out,  12  15  a.  m..  April  20.  19 J  hours. 
Total,  55  hours. 


Next,  the  field  circuit  of  the  generator  was  opened,  and  the 
engine  ran  free,  ten  readings  being  taken  under  these  conditions. 
The  power  shown  by  this  final  set  of  readings  is  that  consumed 
in  overcoming  the  friction  of  the  generating  unit,  and  may  be 
considered  constant  at  all  loads.  The  difference  in  the  power 
under  conditions  No.  3  and  No.  4  gives  the  hysteresis  and  eddy 
current  losses. 

The  engine  and  generator  friction  loss  of  64.2  horse-power  is 
only  3.2  per  cent,  of  the  maximum  capacity  of  the  engine  and 
only  5  per  cent,  of  the  average  power  developed  by  the  engine 
during  the  test.  Including,  as  it  does,  the  friction  in  both  engine 
and  generator,  this  is  a  low  value. 

General  Plant  Efficiency. 

In  summing  up  and  determining  the  general  plant  efficiency 
a  method  has  been  resorted  to  for  reconciling  the  recording  watt- 
meter readings  with  the  instantaneous     readings  which  it   is 
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believed  gives  a  correct  adjustment  between  the  indicated  engine 
load  and  the  generator  load  recorded  by  the  integrating  watt- 
meters. In  Figs.  7,  8  and  9  the  instantaneous  i.h.p.  and  k.w. 
readings  have  been  plotted  against  time  and  the  ratio  of  the 
areas  of  these  curves  is  proportional  to  the  ratio  of  the  total  in-' 
dicated  power  to  the  total  power  generated,  on  the  assumption 
that  variations  in  the  load  between  plotted  points  follow  the 
straight  lines  connecting  the  plotted  points.  As  a  matter  of 
fact,  during  the  15  minute  intervals  between  the  plotted  points 
of  these  curves,  material  variations  take  place  in  the  load. 
These  variations,  which  Figs.  7,  8  and  9  fail  to  record,  are 
summed  and  included  in  the  wattmeter  readings.  Consequently, 
to  determine  the  correct  value  of  the  indicated  power  of  the 


TABLE  VIII. 
Special  Tbst 


H.P.  K.W. 


Average  power  developed  under  conditions  No.  1 . 

..  ..  M  ..  ..    2, 

..    3 

it  ii  ••  «•  i*  ••       A 

Power  required  to  run  the  rotaries 

Power  lost  in  transformers  and  transmission 

Power  lost  in  hysteresis  and  eddy  currents 

Friction  loss  in  engine  and  generator 


341.4or254.5 
199.4  or  148.8 
100.6  or   74.8 

64.2  or    47.9 
142.0  or  105.9 

96.9or    74.0 

36.3  or    26.9 
64.2  or    47.9 


engines,  for  comparison  with  the  total  output  of  the  station 
as  recorded  by  the  recording  wattmeter,  the  total  indicated 
power  as  determined  from  the  areas  of  the  i.h.p.  curves  of 
Figs.  7,  8  and  9,  must  be  multiplied  by  the  ratio  of  the  k.w. 
hour  outputs  recorded  by  the  recording  wattmeter,  to  the 
areas  of  the  k.w.  curves  of  Figs.  7,  8  and  9.  Following  out  this 
method,  we  find  that  the  i.h.p.  output  as  determined  from  the 
curve  of  Fig.  7  must  be  increased  by  11.5  per  cent,  (see  Item  11, 
Table  9)  to  be  a  true  measure  of  the  total  indicated  h.p.  hours  de- 
veloped on  that  day.  In  the  same  manner  an  increase  of  8.4  per 
cent,  must  be  made  for  April  18  and  of  6.9  per  cent,  for  April 
19th  to  bring  the  indicated  h.p.  hour  values  up  to  a  point  where 
they  are  correctly  comparable  with  the  k.w.  hour  output  values 
detemiined  from  the  recording  wattmeters. 

Table  IX.  contains  a  tabulation  of  the  results  which  show  the 
theniial  efficiency  of  the  plant.     From  this  table  we  find  that  the 
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efficiency  of  the  furnaces  and  boilers  is  79.6  per  cent.,  i,e.,  79.6 
per  cent,  of  the  total  heat  in  the  coal  as  fired  is  delivered  by  the 
boilers  to  the  engines  in  the  steam.  The  average  thermal  effi- 
ciency of  conversion  between  the  boilers  and  the  engine  cylinders 
is  9.11  per  cent.,  i.e.,  9.11  per  cent,  of  all  the  heat  delivered  in 
steam  by  the  boilers  is  converted  into  work  in  the  cylinders  of  the 
main  engines.  This  value  of  9.1 1  per  cent,  credits  against  the  en- 
gines the  heat  in  the  steam  used  in  the  auxiliaries.  If  we  fol- 
low out  the  asstunption  that  15  per  cent,  of  the  steam  delivered 
by  the  boilers  is  constuned  by  the  auxiliaries,  the  thermal  effi- 
ciency of  the  engines  works  out  to  be  10.7  per  cent.  The 
average  thermal  efficiency  of  the  plant  is  7.25  per  cent,  from  the 
coal  pile  up  to  the  engine  cylinders  and  the  average  thermal 

TABLE  IX. 
Station  Eppicibncibs. 


No. 


Quantity. 


April  17. 


April  18. 


April  19. 


Total. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 


Coal  burned,  pounds 

Water  evap.  from  11.45*»  C 

Water  evap.  per  lb.  coal 

Equiv,  evap.  per  lb.  coal 

Eppicibncy  Furnace  and  Boilbr 

l.H.P.  from  area  curve 

Thermal  Eppicibncy  Enginbs.  . . 

Total  Thermal  Eppicibncy 

K.W.H.  from  area  curve 

K.W.H.  from  wattmeter 

Error  (W.M.  as  standard) 

EtTiciency  generating  units,  ratio 
areas 

Efficiency  generating  units,  aver- 
age mstantaneous  efficiencies. . . 

Total  Thermal  Eppicibncy 


144.500 

1.229.700 

8.51 

10.21 

79.1 

51.300 

9.14 

7.23 

29.200 

33.000 

11.5% 

87.2 

86.1 
6.23 


145.000 

1.244.400 

8.58 

10.30 

7Q.7 

48.000 

8.55 

6.82 

29.500 

32.200 

8.4% 

90.0 

89.4 
6.08 


146.000 

1.244.400 

8.52 

10.22 

81.1 

55.000 

9.65 

7.82 

34.450 

36.700 

6.9% 

90.5 

89.1 
6.96 


435.500 

3.717.500 

8.53 

10.24 

79.6 

153.820 

9.11 

7.25 

93.150 

101.900 

9.1% 

89.2 

88.2 
6.39 


efficiency  of  the  plant  from  the  coal-pile  to  the  switchboard,  i.e., 
the  ratio  of  the  energy  delivered  by  the  generators  to  the  total 
heat  in  the  coal,  is  6.39  per  cent.  Although'  it  is  frequently 
stated  that  the  thermal  efficiency  of  the  steam  engine  at  a 
maximum  is  about  25  per  cent.,  it  is  improbable  that  any  engine 
of  this  class  working  under  these  conditions  will  convert  more 
than  12  per  cent,  of  the  heat  of  the  steam  into  work.  The  ther- 
mal efficiency  of  6.39  per  cent,  up  to  and  including  the  switch- 
board shows  high  economy  as  compared  with  other  stations 
of  a  similar  character. 

The  total  thremal  efficiency  of  the  Harrison  Street  station  of 
the  Chicago  Edison  Company  has  been  estimated  to  be  4.5  per 
cent.,  wliile  the  thermal  efficiency  of  tlie  generating  station  of  the 
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Blue  Island,  Chicago  Storage  Battery  Road  was  found  to  be 
6.5  per  cent.* 

Items  12  and  13  of  Table  IX.  give  the  efficiency  of  the  generat- 
ing units,  i.e.,  the  ratio  of  the  delivered  electric  power  to  the 
indicated  power  of  the  engines.  Item  12  is  the  ratio  of  the  k.w. 
and  i.h.p.  areas  of  the  curves  of  Figs.  7,  8  and  9,  while  Item  13  is 
the  average  of  the  instantaneous  ratios  of  the  delivered  electrical 
power  to  the  indicated  mechanical  power.  The  two  methods 
give — as  they  should — substantially  the  same  values  and  are  a 
check  one  upon  the  other 

The  maximum  power  indicated  by  the  engines  is  3,380.  This 
load  came  on  April  19th  at  5.45  p.  .m.  The  maximum  variation 
in  the  load  in  fifteen  minutes  also  occurred  on  April  19th,  but  be- 
tween 1.45  and  2  p.  m.,  when  the  load  changed  from  3,020  to  2,050 
h.p.     This  is  a  variation  of  47  per  cent,  in  the  indicated  power  of 


TABLE  X. 
Costs. 


Cost  coal  per  K.W.H 

K.W.H.  per  pound  coal 

Cost  coal  to  evaporate  1.000  pounds  of 
water  from  and  at  212* 


April  17.       April  18.       April  19 


$.00205 
.220 


$.0655 


$.00304 
.222 


$.0651 


$.00260 
.251 

$.0657 


ToUl. 


$.00288 
.234 

$.0654 


the  engines.  The  variation  in  the  load  during  this  time,  as 
shown  by  the  electrical  instruments,  is  83  per  cent.,  which  in- 
dicates that  the  engine  fly  wheels  materially  diminished  the 
strain  on  the  engine  cylinders  by  bringing  their  stored  energy 
into  play.  The  greatest  average  load  occurred  on  April  19th, 
and  was  2,465  h.p. 

The  Anderson  power  plant  of  the  Union  Traction  Company 
uses  Indiana  block  coal  in  developing  power.  It  is  delivered  it 
a  cost  of  $1.35  per  ton.  On  the  basis  of  this  figure,  as  shown  in 
Table  10,  the  cost  of  developing  a  k.w.  hour  is  $.0028.  The  cost 
of  developing  a  k.w.  hour  may  be  taken  as  the  final  estimate  of 
the  efficiency  of  any  station,  as  the  aim  and  end  is  to  develop  as 
much  power  as  possible  per  unit  of  cost.  The  fuel  cost  to  develop 
a  k.w.  hour  output  varies  materially  in  different  stations.  In  the 
Street  Raihcay  Re^nrcc  articles  already  referred  to,  the  cost  in  fuel 


*  Street   Raihvay   Reinew,    February  15.  18U8. 
B.  Road. 


Test  of  the  Chicago  S. 
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per  k.w.  hour  varies  from  $.00246  to  $.01016.  The  average  of  the 
best  results,  those  reported  in  the  Street  Railway  Review  of 
July  15,  1900,  is  $.0045,  an  amount  considerably  larger  than  the 
cost  economy  shown  by  the  Anderson  station.  Tests  of  the 
Oshkosh  Street  Railway  plant,  already  referred  to,  show  a  k.w. 
hour  to  be  developed  at  a  fuel  cost  of  $.01009.  The  test  of  the 
Chicago  Storage  Battery  Road  shows  the  fuel  cost  per  net  k.w. 
hour  output  to  be  $.0061 1,  and  the  Chicago  Edison  is  reported  to 
develop  a  k.w.  hour  output  at  a  cost  of  $.003.  These  figures  are 
sufficient  to  show  that  the  fuel  cost  economy  of  the  Anderson 
station  is  extremely  good  and  that  the  company  is  probably 
developing  power  at  as  low  a  figure  as  is  possible  under  ordinar>" 
conditions  of  electric  railway  central  station  power  development. 
The  thanks  of  the  authors  are  especially  due  to  Mr.  A.  S. 
Ritchie,  electrical  engineer,  and  Mr.  A.  J.  Black,  mechanical 
engineer,  of  the  Union  Traction  Company,  for  their  great  assist- 
ance in  facilitating  all  the  arrangements  for  the  tests  and  in 
materially  promoting  their  successful  outcome. 
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Discussion. 
Professor  Goldsborough:— I  have  here  another  Chart  A, 
which  shows  the  ultimate  efficiency  of  the  plant  in  terms  of  the 
total  power  delivered  to  the  cars.     We  see,  then,  that  the  station 
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delivers  to  the  line  6.39  per  cent,  of  the  total  energy  of  the  coal, 
and  there  is  3.51  per  cent,  only  of  the  total  energy  of  the  coal 
that  ever  gets  to  the  cars. 

Mr.  Gerry: — I  would  like  to  ask  a  question  in  reference  to  the 
figures  given;  the  speaker  states  the  efficiency  of  generation  as 
12.63  per  cent.,  and  I  understood  him  to  say  the  total  efficiency 
was  3.65  per  cent.  To  what  does  the  last  figure  apply?  Where 
was  the  power  delivered  at  the  efficiency  stated? 

Professor  Goldsborough:— The  last  figure  applies  to  the 
power  which  was  delivered  to  the  cars,  and  this  power  was  deter- 
mined by  having  indicating  wattmeters  on  all  of  the  cars,  so  that 
we  got  the  actual  power  delivered  to  the  cars  from  the  generating 
station ;  to  the  car,  not  to  the  axle. 

Mr.  Gerry: — ^That  represents  about  50  per  cent,  efficiency 
between  the  station,  and  the  power  delivered  to  the  car? 

Professor  Goldsborough: — Yes;  the  efficiency  of  the  high- 
tension  transmission  system  is  about  74  per  cent.  That  is,  in- 
cluding the  raising  transformers,  high-tension  wires,  depressing 
transformers,  and  the  rotaries;  and  about  75  per  cent,  for  the 
low-tension  network.  So  that  you  get  a  loss,  as  you  suggest,  of 
about  55  per  cent,  all  told. 

Mr.  Gerry  : — Yes ;  less  than  50  per  cent.  That  is  rather  large, 
and  it  would  be  interesting  to  know  the  result  if  everything  were 
included  between  the  electrical  output  of  the  station,  and  the 
mechanical  output  of  the  cars.  It  would  reduce  the  total 
efficiency  of  the  plant  at  the  car-axle  by  certainly  25  per  cent,  or 
30  per  cent.,  making  the  total  efficiency  of  the  installation^ 
around  2^  per  cent. 

Professor  Goldsborough: — I  think  that  is  a  fair  assumption. 
Now,  we  must  remember  that  in'this  particular  system  the  cost 
of  copper  has  been  made  as  low  as  possible.  Power  is  developed 
so  cheaply  that  power  is  about  the  cheapest  thing  they  have.  In 
other  words,  one  passenger  per  car  comes  pretty  near  paying  the 
cost  of  the  power  used  by  that  car  from  Indianapolis  to  Muncie, 
and  they  only  charge  one  cent  a  mile. 

Mr.  Gerry: — ^Then  this  plant  is  not  presented  as  an  example 
of  a  high  efficiency,  or  even  of  average  efficiency,  as  far  as  power 
is  concerned.  The  point  I  was  intending  to  bring  out  was,  that 
the  efficiency  of  transmission  was  low,  very  low.  I  have  not 
read  the  Professor's  paper,  and  may  not  understand  the  situation 
fully,  but  I  understood  this  plant  was  presented  as  an  example 
of  one  of  fair,  or  high  efficiency,  but  we  have  here  in  the  trans- 
mission an  indication  of  a  very  low  efficiency. 

Professor  Goldsborough: — I  look  at  the  matter  in  this  way 
— we  have  here  a  series  of  tests  upon  a  very  highly  efficient  inter- 
urban  property.  But  how  are  we  to  gauge  or  determine  its 
efficiency?  Are  we  to  gauge  it  on  the  basis  of  efficiency  in  terms 
of  power  conversion  or  on  the  basis  of  efficiency  in  terms  of  its 
paying  capacity?  Now,  it  has  a  very  high  financial  efficiency; 
it  makes  a  good  return  on  the  investment.       Every  element 
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which  enters  into  the  station  is  sufficiently  large  and  properly 
installed  to  meet  all  emergencies.  It  is  a  safe  property  so  far  as 
its  ability  to  operate  continuously  is  concerned.  When  it  comes 
to  determining  whether  you  shall  put  more  or  less  copper  into  the 
distributing  system,  you  have  to  go  right  about  finding  out  what 
coal  costs  you,  what  the  interest  cost  on  your  investment  is,  and 
what  the  operating  cost  of  your  system  is.  These  elements  must 
be  made  to  bear  a  proper  relation  to  each  other.  You  should  not 
put  capital  into  large  feeders  and  appliances  to  make  the  efficiency 
of  distribution  high  when  by  so  doing  you  create  an  interest  cost 
greater  than  the  value  of  the  power  thereby  saved.  I  think 
that  we  should  consider  this  plant  as  being  a  measure  of  what 
engineers,  after  careful  analysis  of  the  problem,  have  deter- 
mined upon  as  most  fit  to  promote  the  best  economy  in  the  opera- 
tion of  an  interurban  system.  And  it  is  just  as  vital  for  us  to 
know  that  we  should  have  a  50  per  cent  distribution  to  obtain 
this  economy  as  it  would  be  for  us  to  know  that  we  must  have  a 
99  per  cent,  efficiency  to  obtain  it. 

Mr.  Gerry: — I  think  Professor  Goldsborough  does  not  meet 
my  point  exactly.  I  do  not  know  of  any  reason  why  you  should 
put  in  a  high  efficiency  station  to  make  cheaper  power,  and  then 
put  in  a  low  efficiency  distributing  system  so  as  to  waste  the 
power  afterwards.  If  you  can  produce  power  cheaply,  and  want 
to  keep  down  the  first  cost  of  the  station,  put  in  a  moderate  class 
system  all  the  way  through.  I  desired  to  find  out  whether  this 
was  a  high-class  station  and  low-class  distribution,  and  if  so, 
why? 

Professor  Goldsborough: — I  think  the  matter  can  be 
answered  very  well  in  this  way.  We  are  confronted  by  a  prob- 
lem, we  are  required  to  deliver  a  certain  minimum  amount  of 
power  to  certain  cars  continuously  and  as  cheaply  as  possible. 
Now  if  we  put  in  a  low-class  generating  station,  low-class 
transformers,  low-class  rotaries,  low-class  storage  batteries,  we 
will  not  be  able  to  meet  the  conditions.  Now  if  we  have 
high-class  generators,  transformers,  rotaries,  and  all  inter- 
mediate machinery,  we  are  in  a  condition  to  render  reliable 
service;  this  must  be  done  anyway  regardless  of  the  copper 
used  Any  man  who  builds  a  station  and  puts  in  a  second  class 
engine,  is  doing  himself  and  all  of  the  people  depending  upon  him 
an  injustice.  He  must  have  the  best  there  is  in  that  particular 
element  to  secure  the  permanency  of  the  plant.  Now,  when  it 
comes  to  the  question  as  to  where  his  losses  shall  take  place — he 
can  get  a  good  engine  for  the  same  money  that  he  would  pay  for 
a  poor  one;  he  can  get  a  good  dynamo  on  about  the  same  basis; 
and  there  is  no  excuse  for  putting  in  bad  machinery  In  the  case 
of  his  copper  conductors  however,  it  is  another  matter  Copper 
ts  copper,  much  or  little,  and  in  it  should  occur  "  the  loss  "  in 
interurban  work  if  the  low  cost  of  fuel  warrants  any  excessive 
]^ower  loss  at  all  As  long  as  conductors  are  strong  enough  and 
do  not  heat  excessively,  they  are  reliable  elements  in  the  system; 
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and  whether  they  are  small  or  large  is  unimportant  so  long  as 
their  cost  is  properly  adjusted  to  the  earning  capacity  of  the 
plant  as  a  whole.  They  are  now  using  16,000  volts.  In  the 
system  they  are  putting  into  Logansport  they  are  going  to  use 
32,000.  Maybe  some  day  instead  of  operating  the  cars  with 
direct  current  at  500  volts,  they  will  operate  with  alternating 
current  at  10,000.  They  may  be  able  to  operate  a  system  of 
twice  the  size  with  the  same  generating  plant.  That  is  one  of  the 
things  they  are  thinking  about,  to  see  if  this  plant  which  is  now 
able  to  operate  only  100  miles  of  road  cannot  be  made  to  operate 
200  miles,  not  by  increasing  the  total  cross-section  of  the  copper 
but  by  decreasing  the  total  cross-section  of  the  copper  and  in- 
creasing the  depression  ' 

Mr.  Gerry: — ^Then  the  high  efficiency  is  a  matter  for  the 
future.  I  hope  the  Professor  will  not  understand  me  as  advocat- 
ing the  undesirable  types  of  machinery  which  he  indicates.  There 
is  a  real  difference,  however,  between  high  and  low-efficiency 
machinery,  not  only  in  its  economy,  but  in  the  first  cost;  in 
other  words,  you  can  obtain  very  excellent  steam  and  other 
machinery  if  you  are  willing  to  content  yourself  with  a  little 
lower  efficiency,  and  such  machinery  is  really  excellent  for 
service,  and  there  are  many  places  where  it  should  go  in.  It  will 
give  good  results  practical  results,  but  still,  it  is  not  the  highest 
efficiency  machinery.  In  fact,  the  highest-efficiency  machinery 
does  not  always  give  the  best  operating  results;  but  where  the 
costs  of  labor  and  fuel  are  high,  then  efficiency  becomes  of  im- 
portance, and  we  go  to  the  extremes  of  cost  and  refinement  to 
obtain  the  best  results  in  that  direction.  I  was  simply  trying  to 
settle  the  question  whether  this  was  a  case  for  such  refinements, 
and  if  so,  why  the  efficiency  was  afterwards  sacrificed  in  the 
transmission  system. 

Mr.  Stott: — The  ultimate  object  in  any  power  plant,  it 
seems  to  me,  is  to  place  the  kilowatt  hour  on  the  receiving 
apparatus  at  a  minimum  cost,  and  there  is  no  other  object  in  a 
power  plant,  so  far  as  I  know  You  have  to  take  into  considera- 
tion, first,  the  cost  of  coal.  If  the  coal  is  going  to  be  a  very  high 
item,  you  must  put  in  an  extremely  efficient  plant,  and  put  in  all 
the  accessories,  such  as  economizers,  feed-water  heaters,  etc. 
If  your  coal  is  a  very  cheap  item,  you  can  afford  to  sacrifice  a  great 
deal  and  reduce  the  interest  charges  on  the  plant.  But  in  the 
end  you  must  consider  the  whole  problem;  viz.,  what  you  expect 
to  deliver  the  kilowatt  hour  at  the  receiving  apparatus  for. 
Now,  in  this  paper  we  have  not  been  given  the  total  cost  of  the 
power  delivered,  as  I  understand  it.  I  may  not  have  read  the 
paper  carefully  enough.  This  is  only  the  fuel  cost  that  is  given, 
is  that  right?  The  total  cost  as  it  is  delivered  at  the  car  is  the 
real  test.  While  the  cost  as  shown  here  in  coal  is  extremely 
low,  yet  it  may  be  a  great  deal  higher  when  delivered  at  the  car 
than  in  a  great  many  other  plants.  In  New  York  the  proportion 
that  the  cost  of  coal  bears  to  the  total  cost  is  about  70  per  cent. 
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There  of  course  we  must  have  an  extremely  efficient  distributing 
system  as  well  as  power  plant,  and  every  thing  you  can  do  to 
reduce  the  amount  of  coal  is  justifiable.  The  efficiency  from 
the  generator  to  the  engine — this  constant  which  is  introduced 
by  a  comparison  of  the  various  indicated  wattmeter  curves 
with  recorded  wattmeter  curves,  is  something  entirely  new,  and 
I  think  makes  comparison  rather  unfair  to  plants  whose  effi- 
ciency has  been  calculated  merely  upon  the  basis  of  indicated 
horse-power  to  kilowatt  output;  and  to  make  the  comparison 
perfectly  fair  other  plants  should  have  this  factor  introduced  as 
well  as  a  factor  covering  the  difference  in  load-factor.  If  Pro- 
fessor Goldsborough  can  give  any  information  upon  the  ques- 
tion of  total  cost  delivered  at  the  car,  I  think  it  will  make  the 
paper  a  great  deal  more  complete. 

Mr.  Dunn: — It  is  a  fact  that  "  cost  "  is  one  of  the  most  loosely 
used  terms  in  electrical  nomenclature.  When  I  see  it  I  hesitate 
to  pay  attention  to  the  figures  given  because  there  is  so  seldom 
any  definition  of  what  they  include.  I  wish  it  were  possible 
for  us  to  get  the  idea  that  we  should  never  use  the  word  **  cost  " 
without  saying  what  cost  we  mean.  I  wish  also  that  it  were 
possible  that  costs  presented  before  the  Institute,  for  statistics 
should  never  be  given  unless  they  included  interest  charges, 
taxes,  depreciations,  charges  for  sinking  funds,  and  every  other 
item,  so  that  we  should  have  before  us  when  we  were  considering 
cost  figures  everything  except  dividends.  Our  statistics  on  the 
cost  of  power  are  of  little  use  because  of  this  lack  of  definiteness 
in  specifying  what  we  include  when  we  say  '*  cost." 

Mr.  Wells: — I  notice  that  Professor  Goldsborough *s  estimate 
of  moisture  in  the  coal  was  6  per  cent.  I  would  say  that  in  77 
analyses  made  on  eight  different  grades  of  bituminous  coal,  the 
moisture  varied  from  1.15  to  5.25,  or  an  average  of  about  3  per 
cent,  for  all  the  different  grades,  and  that  the  calorific  value  of 
these  coals  varied  from  12,967  B.T.U.  to  14,041  B.T.U. 

Mr.  Lincoln: — ^The  question  which  Mr.  Gerry  raised  in 
regard  to  Professor  Goldsborough 's  paper  seems  to  be  simply  a 
question  of  Kelvin's  law.  He  can  develop  his  power  for  a 
certain  amount  at  the  station,  and  it  is  a  question  of  a  well-known 
law  how  much  of  that  shall  be  lost  in  his  Hne.  If  his  power  is 
cheap  he  can  afford  to  lose  more  power  in  his  line  than  if  the 
power  costs  more.  It  is  for  the  engineer  to  determine  whether 
he  shall  put  money  or  energy  into  his  line. 

Professor  Goldsborough: — ^The  reason  that  no  more  figures 
are  given  than  have  been  given  of  cost  has  been  stated  by  the 
other  speakers.  We  took  that  matter  up,  and  had  it  been  carried 
out  to  tlie  point  that  we  wished  there  would  not  have  been  any- 
thing else  to  say.  The  whole  story  would  have  been  told. 
Ever>'body  who  has  any  idea  of  buying  or  selling  stock  would 
have  been  given  ideas  regarding  the  plant  which  possibly  the 
directors  would  not  care  that  they  should  have.  I  have  made  a 
number  of  tests  on  plants  and  have  worked  down  through  the 
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financial  side  as  well  as  the  engineering  side  of  the  problems, 
but  I  have  never  yet  had  the  consent  of  directors  to  my  publish- 
ing that  part  of  a  report  which  deals  with  the  finances  of  the 
plant,  further  than  the  part  that  covers  the  ordinary  operating 
expenses.  I  have  not  gone  further  than  I  have  for  the  reason 
that  when  I  give  you  the  cost  of  a  kilowatt-hour  in  terms  of  the 
cost  of  the  coal,  I  give  you  something  that  is  perfectly  definite; 
everybody  knows  what  I  mean.  If  I  should  give  you  other 
figures  you  would  immediately  want  to  know  what  they  included. 
I  may  say,  however,  that  the  cost  of  manufacturing  power  in  this 
plant  is  about  one-half  cent  a  kilowatt-hour.  This  figure  does 
not  include  any  of  the  items  which  Mr.  Dunn  has  said  ought  to  be 
included. 

As  regards  this  particular  plant,  you  will  notice,  by  the  floor 
plan  of  the  building,  that  room  is  allowed  for  two  or  three  more 
units,  although  objection  w^s  made  to  the  fact  that  I  pointed  to 
the  future  in  discussing  why  good  machinery-  was  put  into  this 
plant.  It  is  expected  that  the  plant  is  not  to  be  a  present-day 
matter.  It  is  in  a  place  where  coal  is  cheap,  it  is  in  a  region  where 
the  population  is  well  distributed  and  is  large,  and  where  people 
are  in  the  habit  of  traveling.  The  system  is  expected  to  grow; 
and  already  it  is  double  the  size  it  was  when  this  test  was  made. 

Now,  as  regards  moisture  in  the  coal.  The  coal  in  this  par- 
ticular station  is  kept  over  the  boilers.  A  sufficient  supply 
of  coal  is  placed  there  so  that  the  coal  becomes  pretty  thoroughly 
dried  out  before  it  is  fed  into  the  furnaces.  As  the  station  is  ordi- 
narily operated,  the  coal  is  never  handled  by  hand;  when  re- 
ceived it  is  dumped  into  the  station,  conveyors  carry  it  around, 
ashes  are  taken  out,  and  you  wouldn't  know  there  was  any  coal 
except  that  you  see  the  little  that  runs  out  from  the  chutes  into 
the  furnaces.  There  are  only  two  men  in  the  boiler  room  of  the 
station. 

We  took  samples  of  coal  regularly  by  the  most  approved 
method,  separating  it  all  out,  etc.,  and  then  put  it  in  cans  and 
put  tops  on  these  cans.  But  it  so  happened  that  we  could  not 
get  the  cans  soldered  up  for  three  or  four  hours,  and  during  that 
time  the  coal  was  subjected  to  different  conditions  of  moisture  in 
the  atmosphere.  When  we  tested  our  coal  finally,  by  chemical 
analysis,  etc.,  we  found  we  couldn't  rely  upon  the  results.  We 
had  to  go  back  to  the  point  of  approximating,  not  because  our 
work  was  inaccurate,  but  because  we  did  not  believe  it  repre- 
sented all  the  conditions  of  operation  in  the  plant.  We  took  six 
per  cent,  as  the  result  of  a  general  inspection  and  a  review  of 
other  printed  results  showing  the  use  of  the  same  coal. 

President  Scott: — We  will  now  turn  to  another  subject, 
**  The  Electrical  Equipment  of  a  Gold  Dredge,"  by  R.  L.  Mon- 
tagu. 

Paper  read  by  Mr.  Gerry. 


A  paper  presented  at  the  20th  Annual  Convent wn 
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THE  ELECTRICAL  EQUIPMENT  OF  A  GOLD  DREDGE. 


BY  RALPH  L.  MONTAGU. 


Before  describing  the  electrical  equipment,  it  would  be  well, 
perhaps,  to  say  a  few  words  relating  to  the  use  and  object  of  a 
gold  dredge. 

The  occurrence  of  gold  in  deposits  of  gravel  is  caused  by  the 
action  of  some  river  or  glacier  which  in  its  course  has  broken  up 
and  carried  along  in  the  form  of  gravel  the  rock  that  formed  the 
boundary  of  its  channel. 

When  gold-bearing  veins  exist  in  this  rock,  the  gold,  in  the 
course  of  time,  becomes  freed  from  its  surrounding  ore,  and  is 
together  with  the  gravel  already  formed  deposited  at  some  point 
where  the  velocity  of  the  water  ceases  to  be  high  enough  to  keep 
the  gravel  in  motion. 

Placer  mining  is  the  name  by  which  the  process  of  extracting 
the  gold  thus  deposited  from  its  surrounding  gravel,  is  known. 
Briefly,  it  consists  of  feeding  gravel  and  water  into  a  rectangular 
trough  (sluice  box),  set  on  a  grade,  on  the  bottom  of  which  de- 
pressions or  hollow  spaces  (riffles)  are  provided.  The  gold, 
owing  to  its  high  specific  gravity,  settles  in  these  depressions 
while  the  gravel  is  carried  on  down  the  sluice  and. dumped  at  the 
end. 

To  accomplish  this  process  on  a  large  scale,  there  must  be 
sufficient  grade  to  the  deposit  of  gravel  and  its  underlying  bed 
rock  to  prevent  the  worked-out  gravel  (tailings)  from  interfering 
with  the  excavating  operations  which  are  feeding  the  gravel 
into  the  sluice. 

Where  the  natural  grade  is  not  sufficient  for  this  purpose,  a 
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grade  must  be  produced  by  artificial  means.  Until  dredging  was 
applied  for  this  purpose  the  method  known  as  hydraulic  mining 
was  used.  It  consisted  of  sinking  a  pit  to  bed  rock,  the  gravel 
being  lifted  into  a  sluice  box  supported  on  a  trestle  by  an  hydrau- 
lic elevator.  The  most  common  way  of  breaking  down  the 
banks  of  gravel  was  by  the  use  of  a  stream  of  water  under  a  high 
head  (hydraulic  giant)  directed  against  the  face  of  the  bank. 
But  in  localities  where  sufficient  water  could  not  be  obtained 
for  hydraulic  mining,  except  at  a  prohibitive  expense,  the  de- 
posits have  not  been  considered  of  any  value  until  the  advent 
of  the  gold  dredge.  Furthermore,  where  sufficient  water  was 
available  to  work  the  deposit  by  the  hydraulic  method,  the 
same  water  if  applied  to  turbines  for  the  generation  of  electric 
power  to  be  used  to  drive  dredges,  would  handle  from  two  to 
two  and  a  half  times  more  gravel. 

Fig.  1  gives  in  outline  a  type  of  gold  dredge.  The  excavating 
is  done  by  the  endless  chain  of  buckets,  which  revolving  around 
the  upper  tumbler,  dumps  the  gravel  into  a  revolving  screen 
(termed  a  grizzly).  Jets  of  water  play  on  the  gravel  and  thor- 
oughly wash  it ;  the  fine  gravel  and  gold  fall  throui^  h  the  openings 
in  the  grizzly  into  a  sump,  from  whence  it  is  picked  up  together 
with  sufficient  water  and  elevated  into  the  sluice  box.  The 
coarse  gravel,  large  stones,  etc.,  are  allowed  to  fall  overboard, 
being  of  no  value.  The  gold,  as  already  described,  is  recovered 
in  the  riffles  forming  the  bottom  of  the  sluice ;  the  washed  gravel 
carrying  practically  no  values,  falls  over  the  lower  end  of  the 
sluice  and  fills  up  the  cut  that  was  previously  made  by  the 
dredge.  The  dredge  is  held  in  position  by  the  anchor  or  spud 
at  the  stem,  and  side  lines  from  the  bow  permit  the  buckets  to  be 
freed  across  the  face  of  the  cut.  There  are  two  spuds  on  a  dredge, 
one  is  used  for  holding  the  dredge  and  the  other  is  used  when  a 
cut  is  completed  and  it  becomes  necessary  to  step  the  dredge 
ahead.  With  this  type  of  dredge  it  is  possible  to  handle  .85 
cubic  yards  of  gravel  per  h.p.  hour  delivered  on  board. 

The  various  pieces  of  machiner)^  together  with  their  respective 
motors,  may  be  summarized  as  follows: 

The  endless  chain  of  buckets  driven  by  a  variable  speed  reversi- 
ble motor;  the  revolving  screen,  together  with  a  small  pump  for 
furnishing  the  jets  of  water,  driven  by  a  constant  speed  motor; 
the  large  centrifugal  pump  for  elevating  water  and  gravel  into 
the  sluice,  driven  by  a  constant  speed  motor;  the  winch  which 
revolves  drums  to  which  are  attached  the  side  lines,  lines  for 


1903.] 


MONTAGU:  GOLD  DREDGE. 


509 


5l0  MONTAGU:  GOLD  DREDGE,  IJuly  2 

hoisting  bucket  chain  and  lines  for  hoisting  spuds,  is  driven  by 
a  variable  speed  reversible  motor.  The  first  dredge  that  made  a 
commercial  success  as  a  placer  mining  machine  in  the  United 
States  was  installed  at  Bannack,  Mont.,  in  1895.  The  property 
owned  by  the  company  (The  Gold  Dredging  Co.)  included  a 
water-right  and  ditch,  which  if  extended  about  two  miles  would 
give  a  head  of  340  feet.  As  the  water  at  this  head  would  give 
sufficient  power  to  drive  a  dredge  it  was  decided  to  use  electric 
power  in  preference  to  steam.  The  fuel  cost  was  for  wood  $4.50 
per  cord  and  for  coal  $12.00  per  ton.  The  writer  installed  the 
electric  equipment,  which  consisted  of  a  100  k.w.,  500  volts  d.c. 
generator,  running  at  650  r.p.m.,  and  four  street  railway  motors. 

The  generator  was  direct  connected  to  a  26^  Pelton  water 
wheel,  by  means  of  an  insulated  coupling.  The  power  was  trans- 
mitted over  000  stranded  conductors,  triple  braid  weather  proof, 
from  the  pole  line  on  shore  to  a  reel  on  the  dredge.  Two  of  the 
motors  were  mounted  on  wooden  bases  sliding  on  rails  and  had 
overhung  pulleys  in  place  of  the  pinions;  they  were  used  to 
operate  the  winch.  One  motor  drove  the  drtuns  for  hoisting  the 
spuds  and  the  other  motor  operated  the  balance  of  the  winch. 
The  controllers  were  of  the  rheostatic  type.  The  other  two 
motors  were  geared  to  counter-shafts  having  pulleys  mounted  on 
them,  the  whole  mounted  on  wooden  bases,  and  they  were  con- 
trolled by  d.p.  switches  and  starting  resistances  of  iron  wire; 
one  of  these  motors  was  supplied  with  a  d.p.  reversing  switch. 
This  motor  had  to  drive  (1)  the  endless  chain  of  excavating 
buckets,  (2)  the  revolving  screen  and  (3)  a  secondary  chain  of 
buckets,  which  elevated  the  screened  gravel  into  the  sluice.  The 
other  motor  drove  a  10*'  centrifugal  pump  that  supplied  water 
to  the  sluice  box. 

No  trouble  was  encountered  with  the  generating  end  of  the 
plant,  with  the  exception  of  a  little  difficulty  owing  to  a  mistake 
in  the  water-wheel  design,  which  necessitated  the  lengthening 
of  the  water-wheel  shaft,  so  as  to  allow  sufficient  clearance  be-, 
tween  wheel  and  housing  to  permit  the  dead  water  to  fall  away 
from  the  wheel;  but  on  the  dredge  considerable  trouble  was 
experienced  in  operating  the  motors.  Both  these  motors  were 
overloaded  and  their  design  in  general  left  plenty  of  margin  for 
improvement. 

During  the  first  season  (1895)  ver>'  little  excavating  was  done, 
but  enough  work  was  done  to  demonstrate  that  these  motors 
would  not  give  satisfaction  if  the  load  was  not  lightened  on  them : 
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accordingly,  during  the  interval  between  the  seasons  of  1895  and 
1896,  the  motor  driving  the  10'^  centrifugal  pump  was  replaced 
by  a  shunt  wound  motor  and  the  load  of  the  other  railway  motor 
was  divided  between  it  and  the  motor  taken  off  the  ptimp  One 
motor  drove  the  bucket  chain  (1)  and  the  other,  the  grizzly  and 
secondary  chain.  Mechanical  changes  were  effected  at  the  same 
time,  which  permitted  the  almost  continuous  operation  of  the 
dredge  during  the  season  of  1896.  As  the  motors  now  were  run- 
ning on  an  average  of  23  hours  per  day,  there  were  plenty  of 
opportunities  for  the  weak  spots  to  develop.  The  motor  driving 
the  bucket  chain  (excavating)  burnt  out  an  armature  on  an 
average  every  thirty  days.  The  ends  of  the  commutators  next 
to  the  bearing  on  these  motors  werie  constantly  getting  grounded, 
the  brushholders  were  overheated  and  brushholder  springs  lost 
their  vitality.  By  keeping  two  or  three  extra  armatures  on  hand 
no  time  was  lost  on  armature  account ;  but  on  one  occasion  the 
lower  field  coil  of  the  motor  that  drove  the  grizzly  became  badly 
grounded,  and  short-circuited.  As  we  had  no  spare  field  coils  on 
hand  I  unwound  the  coil,  rewinding  the  wire  on  a  barrel,  and  after 
painting  the  interior  of  the  field  bobbin  with  insulating  paint,  I 
rewound  the  coil  with  the  old  wire,  painting  the  wire  as  it  v/a> 
laid  on.  From  my  recollection,  I  should  say  the  wire  was  about 
000  solid,  and  anybody  who  has  had  to  rewind  a  magnet  coil 
with  previously  used  wire  of  this  size  and  with  practicaly  no 
appliances,  such  as  sheaves  for  wire  to  run  over,  need  not  be  told 
that  I  did  not  get  back  on  the  field-bobbin  all  the  wire  that  came 
off;  however,  I  got  back  enough  to  answer  the  purpose  and  within 
10  hours  from  the  time  of  the  accident  the  dredge  was  in 
operation  again,  and  the  motor  lasted  to  the  end  of  that 
season. 

During  the  winter  of  1896-1897  it  was  decided  to  discontinue 
the  use  of  the  secondary  chain  of  buckets  for  elevating  the 
screened  gravel  into  the  sluice,  and  to  use  a  centrifugal  pump  of 
sufficient  size  to  lift  this  gravel  and  the  necessary  water  for 
sluicing  it.  The  new  arrangement  presented  an  outline  similar 
to  that  in  Fig.  1. 

Tlie  experiences  met  with  in  this  the  first  successful  application 
of  a  dredge  to  placer  mining  in  America  have  been  described  at 
considerable  length,  because  this  plant  was  the  forerunner  of 
numerous  others  in  localities  throughout  the  mining  districts  of 
North  and  South  America,  which  have  created  a  new  demand  for 
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labor  and  opened  a  field  for  the  investment  of  millions  of  dollars.* 
I  will  now  endeavor  to  describe  the  nature  of  the  loads  on  the 
various  motors.  That  on  the  motor  that  drives  the  bucket  chain 
is  a  peculiar  one;  it  may  be  described  as  a  combination  of  an 
elevator  load  and  a  street  car  load,  but  with  many  less  stops  and 
no  particular  need  for  very  rapid  acceleration.  When  beginning 
a  cut  at  the  surface,  the  incline  up  which  the  buckets  travel  may 
be  only  20°  from  the  horizontal,  the  soil  as  a  rule  is  ver^'  loose  and 
the  starting  torque  is,  comparatively  speaking,  nominal.  The 
motor  has  only  to  overcome  the  inertia  due  to  the  mass  and  weight 
of  bucket  chain,  viz.,  from  250  to  400  lbs.  per  foot  of  length.  As 
the  buckets  become  loaded  with  gravel,  the  load  increases.  The 
speed  of  the  bucket  chain  at  the  top  of  the  cut  can  be  as  high  as 
60  feet  per  minute  with  safety.  This  load  is  similar  to  an  elevator 
load  and  is  steady ;  the  only ,  fluctuations  being  caused  by  a 
bucket  as  it  revolves  round  the  lower  tumbler,  taking  an  extra 
large  bite  out  of  the  gravel  or  missing  the  gravel  and  merely 
bailing  water.  As  the  depth  of  the  cut  increases,  the  load  in- 
creases on  the  motor  because  the  angle  between  incline  of  chain 
and  horizon  is  greater;  and  if  a  series  wound  d.c.  motor  is  used 
some  resistance  should  be  cut  out,  if  it  is  still  safe  to  maintain  the 
high  speed.  When  a  certain  depth  is  reached  and  the  gravel 
becomes  coarser,  is  packed  harder  and  large  boulders  are  liable 
to  be  met  with,  the  speed  should  be  reduced  by  cutting  in  resist- 
ance; finally,  when  close  to  bed-rock,  the  speed  should  be  still 
further  reduced ;  the  buckets  should  not  now  exceed  a  speed  of 
40  feet  a  minute;  and  in  actually  scraping  bed-rock  the  speed 
should  be  still  further  reduced.  The  buckets  are  now  nearly 
empty  of  gravel;  the  incline  is  about  45°  with  the  horizon,  and 
it  will  be  necessary  to  cut  in  all  available  resistance  into  the  cir- 
cuit of  a  d.c.  series  or  into  the  secondary  of  an  induction  motor. 
The  construction  of  this  resistance  should  be  such  as  to  permit 
its  being  kept  continuously  in  the  circuit,  as  in  some  fields  it  is 
necessary  to  keep  up  the  scraping  of  bed  rock  for  several  hours 
because  the  majority  of  the  gold  values  are  obtained  on  or  near 
bed  rock. 

During  this,  the  most  important  part  of  the  excavation 
of  a  cut,  the  motor  is  running  with   a  low  efficiency;  and  it 

1.  At  this  point  (Orovillc,  Cal.)  there  are  in  operation  and  building 
over  20  dredges;  each  dredge  has  cost  at  least  $50,000;  and  the  ground 
to  be  mined  previously  worth  from  $2  to  $10  per  acre,  sells  now  as  high 
as  $1,500  per  acre. 
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may  be  asked  why  a  two-speed  gearing  should  not  be  introduced 
so  that  the  motor  would  operate  efficiently  at  the  low  bucket 
speed.  In  one  case,  to  my  knowledge,  a  two-speed  gear  was 
tried,  but  finally  discarded,  because  it  did  not  give  such  general 
satisfaction  as  the  arrangement  at  present  in  almost  universal 
use,  viz.,  a  d.c.  series-wound  motor  with  rheostatic  control  or  an 
induction  motor  with  a  variable  resistance  in  secondary  or  rotor 
circuit. 

I  have  not  yet  mentioned  the  condition  when  the  most  severe 
load  is  thrown  on  the  motor,  that  is  when  the  motor  is  stalled. 
At  some  point  in  the  train  of  gears  that  reduces  the  high  speed 
of  the  motor  to  the  low  speed  of  the  top  or  driving  tumbler 
(2.75  —  5  r.p.m.)  an  adjustable  shpping-friction  is  placed  and 
set  so  that  it  will  slip  before  the  circuit-breaker  or  fuses  open 
the  motor  circuit.  The  buckets  may  encounter  an  extra  large . 
boulder,  a  submerged  timber  or  stump  or  the  bank  may  cave 
down  and  completely  bury  them.  Let  us  suppose  the  buckets 
are  running  at  a  speed  of  45  feet  per  minute  when  an  obstruction 
is  met  that  causes  the  friction  to  slip.  The  motor  is  stopped  and 
when  it  has  come  to  rest  it  should  be  allowed  to  run  back  so  as 
to  let  a  little  slack  into  the  bucket  chain.  Sometimes  it  is  neces- 
sary to  reverse  the  bucket  chain  one  bucket  or  link  length.  On 
restarting  the  motor  the  obstruction  may  be  removed,  some- 
times, however,  it  is  necessary  to  stop  and  start  a  number  of 
times  before  this  is  accomplished ;  it  may  be  necessary  to  tighten 
the  friction  or  hold  the  circuit  breaker  from  opening,  but  what- 
ever the  nature  of  the  obstruction,  it  must  be  overcome  because 
if  boulders  are  not  dug  out  and  disposed  of  they  will  be  liable 
to  form  an  effective  barrier  between  the  buckets  and  bed-rock, 
which  will  mean  that  a  large  proportion  of  the  gold  contained  in 
the  cut  is  not  recovered. 

Sometimes  it  is  necessary  to  stop  the  buckets,  which  may 
be  running  at  full  speed,  in  two  or  three  seconds  of  time;  the 
only  way  to  do  this  is  to  reverse  the  motor.  Therefore,  it 
will  be  seen  that  the  motor  that  drives  the  bucket -chain  should 
be  capable  of  withstanding  considerable  strains,  both  me- 
chanical and  electrical.  I  have  seen  a  d.c.  series  wound  motor 
(500  V.)  the  normal  current  of  which  was  40-60  amperes,  take 
over  200  amperes,  while  picking  up  a  particularly  large  boul- 
der; and  a  3-phase,  1000  v.  induction  motor,  normal  load 
25  an.ps.  per  phase  with  secondary  short-circuited,  has  taken 


514  MONTAGU.  GOLD  DREDGE.  [July  2 

95  amps,  per  phase,  while  the  buckets  were  being  released  from 
an  extra  large  cave-down  of  gravel. 

The  periods  o^  tliese  abnormal  loads  are  limited,  rarely  ex- 
ceeding a  full  mmute.  While  not  attempting  to  deduce  an 
exact  formula  for  determining  the  necessary  rated  h.p.  of  a 
motor  for  this  class  of  work,  I  will  state  that  calculations  can 
be  based  on  the  fact  that  a  50  h.p.  motor  should  be  installed 
to  drive  a  chain  composed  of  alternate  buckets  and  links,  the 
bucket  capacity  being  5  cubic  feet  each,  built  of  good  mechan- 
ical proportions  and  capable  of  reaching  a  maximum  depth 
below  water  level  of  35  feet,  the  top  or  driving  tumbler  being 
suspended  about  14  feet  above  water  level.  In  actual  work  the 
incline  up  which  the  buckets  travel  does  not  exceed  an  angle 
of  45°  with  the  horizon. 

Passing  on  to  the  motor  that  drives  the  grizzly  and  small 
centrifugal  pump,  very  little  need  be  said  about  it;  the  load  and 
speed  are  constant  and  in  starting  the  load  is  light  as  the  cen- 
trifugal pump  does  not  begin  to  pick  up  water  until  nearly  full- 
speed  is  reached.  A  shunt  d.c.  or  induction  motor,  squirrel  cage 
type,  of  30  h.p.  is  generally  used  for  this  load,  i.e.,  where  the 
grizzly  and  pump  are  proportioned  to  screen  and  wash  the  gravel 
excavated  by  the  5  foot  bucket  chain. 

The  same  remarks  about  load  and  power  required  to  start  apply 
to  the  motor  that  drives  the  large  (12'')  centrifugal  pump  that 
elevates  water  and  gravel  into  the  sluice;  the  h.p.  of  the  motor 
can  be  found  from  the  following  formula: 

.       ,  (diam.  of  discharge  in  inches)^  X  feet  lift 

h.p.  of  motor  =   ^^ ^ ^r;: 

A  little  difficulty  may  be  experienced  in  finding  the  exact 
diameter  of  motor  pulley.  There  is  a  certain  critical  speed  at 
which  to  run  a  centrifugal  pump  that  lifts  water  and  gravel;  a 
reduction  of  10  per  cent,  below  this  speed  reduces  the  velocity  of 
the  water  to  a  point  where  it  is  unable  to  pick  up  gravel;  10  per 
cent,  above  the  critical  speed  calls  for  an  increase  of  power  out  of 
all  proportion  to  the  increase  of  speed  of  the  pump,  besides  wliich 
the  resultant  velocity  of  the  water  in  the  sluice-box  may  be  so 
high  as  to  prevent  the  gold  from  being  deposited  in  the  riffles. 

There  are  some  peculiar  facts  concerning  the  operation  of  cen- 
trifugal pumps  by  constant  speed  motors.  If  such  a  centrifugal 
pump  is  lifting  water  to  a  certain  height  and  the  motor  is  fully 
loaded,  a  reduction  of  t!ie  Lead  increases  the  load  on  the  motor 
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and  vice  versa.  This  statement  may  seem  to  be  contrary  to  all 
laws  regarding  the  conservation  of  energy;  but  the  peripheral 
speed  of  a  centrifugal  pump  is  in  proportion  to  the  square-root 
of  the  height  to  which  the  water  has  to  be  lifted* ;  furthermore, 
the  volume  of  water  lift-ed  is  not  in  direct  proportion  to  the  speed. 
If  X  be  the  speed  of  a  pump  (running  efficiently)  and  y  ==  power 
used  to  elevate  1000  gallons  at  any  head;  if  x  is  reduced  to  x/2, 
y  =  0  (not  taking  into  consideration  the  losses  due  to  friction), 
and  no  water  is  moved.  When  the  speed  is  increased  above  x,  the 
amount  of  water  lifted  does  not  keep  up  in  proportion  to  in- 
creased speed.  There  is  more  slip  in  the  water  moved  by  the 
runner  or  piston  and  the  efficiency  begins  to  fall  off  enormously ; 
therefore,  if  we  consider  the  original  statement,  we  see  that  with  a 
motor  fully  loaded  and  pump  running  at  an  efficient  speed  for  a 
head  of  y  feet,  reducing  y  while  moving  more  water,  we  do  so  at 
a  very  much  lower  efficiency  and  consequently  overload  the 
motor,  provided  the  speed  remains  nearly  constant. 

The  last  motor  to  be  considered  is  that  which  drives  the  wincti 
used  for  swinging  the  dredge,  hoisting  bucket-chain,  etc.  The 
heaviest  load  this  motor  has  is  when  the  bucket-chain  is  being 
raised,  the  nature  of  which  is  similar  to  that  thrown  on  an  eleva- 
tor motor.  In  raising  the  spuds  or  anchors,  there  is  always  some 
slack  in  the  lines  and  full  torque  is  not  required  in  starting,  In 
pulling  on  the  side  lines  very  little  power  is  called  for,  but  the 
speed  variations  required  are  beyond  the  scope  of  any  motor. 
For  instance,  in  digging  off  the  top  soil,  the  speed  of  the  buckets 
across  the  face  of  the  cut  may  be  20  feet  a  minute  or  more;  when 
bed  rock  is  reached,  the  speed  may  be  as  low  as  5  feet  a  minute. 
When  moving  ahead  and  the  buckets  are  not  touching  the  graveU 
the  speed  should  be  as  high  as  possible,  viz.,  100  feet  a  minute  or 
more.  In  general,  the  motor  is  geared  to  the  winch,  so  as  to  pro- 
duce the  maximum  speed,  and  the  variations  are  produced  by 
constantly  starting  and  stopping  the  flow  of  current  to  the  motor ; 
this  may  seem  to  be  hard  on  the  controller,  but  the  modem  types 
of  controller  seem  to  stand  this  work  remarkably  well. 

In  some  more  recent  winches  a  two-speed  gearing  has  been 
adopted  and  this  makes  it  easier  for  the  controller.  The  only 
operation  that  it  is  necessary  to  consider  when  determining  the 
maximum  h.p.  of  the  winch-motor  is  the  hoisting  of  the  bucket 

1.  The  most  cnicient  or  critical  peripheral  speed  of  centrifugal  pvunp 

in  feet  per  minute  

=»  \/  head  in  feet  X  8  X  60 
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chain  and  the  speed  at  which  it  is  to  be  hoisted.  All  other  loads 
that  may  be  thrown  on  this  motor  are  less  than  this  load. 

The  current  is  taken  aboard  a  dredge  nowadays  by  means  of 
an  armored  cable  attached  to  a  temporary  pole  line  on  shore; 
the  slack  cable  is  coiled  up  on  the  bank  and  as  long  as  no  heavy 
traffic  passes  over  it  and  it  is  not  covered  up  by  the  tailings,  no 
trouble  need  be  expected. 

At  Bannack,  Mont.,  the  writer  designed  a  reel  (Fig.  2)  that 
was  placed  on  the  upper  deck  and  the  wires  (000  stranded 
weather-proof  insulation)  ran  over  hard-wood  sheaves  and  then 
swung  onto  the  pole  line.  This  class  of  wire  had  to  be  kept  out 
of  the  water  and  off  the  ground.  The  object  of  the  reel  was  to 
make  it  possible  to  take  up  slack  or  pay  it  out  without  stopping 
the  operation  of  the  dredge.  This  reel  was  exposed  to  the 
weather,  but  no  leakage  was  ever  apparent. 

Where  the  current  is  brought  aboard  at  moderately  high 
voltages  and  it  is  necessary  to  use  step-down  transformers, 
these  should  on  no  account  be  anywhere  except  in  a  special 
deck  house  on  the  upper  deck.  The  low  voltage  secondaries 
should  be  led  to  the  pilot  house,  where  a  switchboard  should  be 
located,  having  a  separate  panel  for  each  motor.  On  these 
panels  there  should  be  an  ammeter  s.p.  switch  and  fuses  or  cir- 
cuit-breakers, also  a  name  plate  designating  the  motor  circuit 
to  which  these  devices  belong.  The  panel  that  has  the  main 
switch  on  it  should  have  a  voltmcfter  and  v.m.  switch,  also  the 
primary  switch  and  fuses  for  the  light  transformer.  On  the  light 
circuit  there  should  be  a  voltmeter  and  the  terminal  board  of  a 
regulating  device  for  raising  or  lowering  the  voltage  of  the  light 
circuits.  The  individual  light  circuit  switches  should  be  named 
thus:  **  Port  bow  lights,"  **  Starboard  bow  lights,"  etc. 

The  voltage  of  the  motors  should  not  exceed  400  a.c.  or  500 
d.c.  There  is  no  advantage  to  be  gained  in  high  voltage,  as  the 
leads  from  switchboard  to  motor  never  exceed  100  feet  in 
length.  The  controllers  for  the  bucket-drive  motor  and  winch 
motor  are  located  in  the  pilot  house;  the  auto-starters  for  the 
other  motors  should  be  placed  near  the  motors  and  the  machinery 
they  control.  There  should  also  be  a  complete  system  of  push 
buttons  and  signal  bells.  Incandescent  lamps  are  used  almost 
exclusively;  arc  lamps  give  trouble  owing  to  the  constant  vibra- 
tion of  the  dredge.  Fig.  3  is  a  diagram  of  the  wiring  of  a  dredge 
where  the  current  was  brouglit  aboard  at  1000  v.  The  power 
company    supplied    transformers    for   motors    of   30    h.p.    and 
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Fig.  2. 

1.  Strap  to  hold  shaft.  4    Insulated  hub. 

2.  Insulated  sleeve.  5.  Wires  to  center  of  dist. 

3.  Hard  wood  shaft  (does   not  re-     6.  Wires  to  pole  line  as  shown. 

volve.) 


Pio*  3. 


1.  Voltmeters. 

2.  Ammeters. 

3.  Switches. 

4.  Fuse  Blocks 

5.  Lightning  arresters. 

6.  Transformers,  1000-400. 

7.  Transformers.  1000-110. 


8    Controllers  for  var.  speed  motors. 
9.  Resistance. 

10  Auto  starter. 

11  Ground  connection. 

12.  Const  speed  motor. 

13.  Var  speed  motors. 

14.  Regulator  for  lamp  circuits 
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less,  which  accounts  for  the  fact  of  having  motors  of  different 
voltage  on  board. 

In  determining  the  size  of  a  power  plant  to  supply  a  dredge 
or  dredges,  for  ever>'  dredge  similar  to  Fig.  1,  the  general 
dimensions  of  which  may  be  described  as  being  a  5-foot  open- 
connected  chain-dredge  capable  of  excavating  to  a  depth  of  35 
feet,  with  a  12  inch  centrifugal  pump  for  elevating  purposes,  135 
k.w.  should  be  available  at  the  bus-bars  on  board  the  dredge  for 
24  hours  per  day  for  d.c.  plants,  or  170  k.v.a.  at  .80  power  factor 
where  a.c.  induction  motors  are  used.  The  current  is  taken 
aboard  in  some  places  at  4000  volts.  I  believe  about  5000  volts 
will  be  the  limit  for  a  few  years  anyway.  The  motors  and  resist- 
ances should  be  such  that  they  will  be  able  to  run  continuously, 
without  the  least  danger  of  overheating.  The  average  running 
time  on  the  Bannack  dredge  was  23^  hours  out  of  24.  In  locali- 
ties where  the  mining  season  is  short,  owing  to  severe  winters,  the 
usual  practice  is  to  run  every  day  and  night,  Sundays  and  holi- 
days included,  the  machinery  being  overhauled  during  the  winter 
months. 

The  mechanical  end  of  the  plant  causes  quite  as  many  shut- 
downs as  are  desirable  and  there  should  be  absolutely  no  loss 
of  time  on  account  of  defective  electrical  apparatus;  therefore 
everything  connected  with  the  electrical  part  of  the  machiner}" 
on  the  dredge  should  be  as  near  *'  fool-proof  **  as  possible. 

The  ambition  of  every  manager  of  a  dredge  is  to  keep  the  ma- 
chinery'' at  work  all  the  time.  When  we  realize  that  in  some 
fields  the  possible  mining  season  only  lasts  150  days  in  the 
year,  the  value  of  every  minute  during  this  time  becomes  ap- 
parent to  the  most  casual  observer.  As  a  general  rule,  these  lo- 
calities are  a  long  way  from  a  repair  shop  or  supply  house  and 
the  financial  loss  entailed  by  a  burnt-out  machine  under  these 
conditions  is  many  times  the  value  of  the  defective  apparatus. 

I  do  not  suppose  that  even  one  per  cent,  of  the  dredging 
ground  in  existence  is  at  present  being  mined;  the  process 
is  still  in  its  experimental  stage.  Although  good  results  have 
been  obtained  so  far,  there  is  no  doubt  but  that  more  advanced 
methods,  both  mechanical  and  electrical,  will  be  discovered 
in  the  future  to  increase  the  efficiency  of  a  process  which  is 
adding  to  the  wealth  of  the  world  gold  that  would  otherwise 
have  remained  in  the  ground  where  nature  had  placed  it,  viz., — 
gold-dredging. 
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Discussion. 

President  Scott: — The  management  of  the  Louisiana  Pur- 
chase Exposition  has  appointed  a  general  advisory  committee  on 
Electrical  Congress.  At  the  head  of  that  committee  is  Professor 
Elihu  Thomson  and  Doctor  Kennelly  is  secretary.  A  meeting  of 
the  committee  was  held  yesterday  afternoon  for  preliminary 
work,  and  we  should  be  pleased  now  to  have  a  statement  from 
Doctor  Kennelly  wi'th  respect  to  the  work  which  is  under  way. 

Doctor  Kennelly: — As  stated  by  the  President,  a  prelimi- 
nary meeting  of  the  advisory  committee  was  held  yesterday.  It 
was  unanimously  voted  at  the  meeting  that  an  International 
Electrical  Congress  should  be  held  at  St.  Louis  next  year  in  con- 
junction With  the  St.  Louis  International  Exposition.  It  was 
also  the  opinion  of  the  advisory  committee  that  delegates  from 
foreign  countries  should  be  invited  by  the  United  States  Govern- 
ment to  attend  the  International  Electrical  Congress,  as  at  the 
Chicago  World's  Fair  Congress  in  1893,  and  as  at  the  Interna- 
tional Paris  Congress  of  1900,  for  the  purpose  of  debating  and 
fixmg  any  questions  which  might  naturally  call  for  the  attention 
of  such  a  Congress.  The  further  scope  and  purposes  of  the  pro- 
posed Congress  were  not  entered  into.  They  were  left  for  con- 
sideration at  some  future  time. 


A  paper  presented  at  the  20th  Annual  Convention 
of  the  American  Institute  of  Electrical  Engi- 
neers, at  Niagara  Falls.  N.  Y.,  July  2d,  1903. 


THE    LEGALIZED    STANDARD    OF    ELECTROMOTIVE 

FORCE. 


BY  HENRY  S.  CARHART. 


It  is  not  necessary  to  enlarge  upon  the  importance  of  a  legal 
standard  of  electromotive  force.  It  is  quite  as  essential  as  a 
legal  standard  of  resistance. 

It  will  be  remembered  that  the  Chamber  of  Delegates  of  the 
International  Congress  of  Electricians  at  Chicago  in  1893  adopted 
a  value  for  the  electromotive  force  of  the  Clark  cell  and  appointed 
a  committee  to  prepare  a  specification  for  its  construction.  The 
committee  consisted  of  Prof.  Helmholtz  of  Berlin,  Prof.  Ayrton 
of  London,  and  the  writer.  Unfortunately,  before  the  committee 
reached  an  agreement,  the  eminent  chairman  died;  the  two 
remaining  members  being  unable  to  agree,  one  form  of  cell  was 
accordingly  adopted  by  the  British  government,  and  another  by 
the  Congress  of  the  United  States.  The  latter  represents  the 
survival  of  the  fittest,  for  reasons  that  were  assigned  in  1893. 

Germany  contented  itself  by  legalizing  the  units  of  resistance 
and  current. 

The  legal  value  of  the  electromotive  force  of  the  Clark  cell  is 
1.434  international  volts  at  15°  C.  In  the  ten  years  which  have 
intervened  since  the  Chicago  Congress,  it  has  become  quite  cer- 
tain that  the  actual  electromotive  force  of  the  Clark  cell  at  15°  C. 
is  nearer  1.433  than  1.434.  Indeed,  the  Helmholtz  absolute 
electrodynamometer  at  the  Reichsanstalt,  gave  in  the  hands  of 
Dr.  Kahle,  1.4322  volts.  This  value  has  not  been  used  at  all,  but 
for  the  past  six  or  seven  years  1.4328  at  15°  C.  has  been  used  at 
the  Reichsanstalt.  This  value  was  not  obtained  by  means  of 
absolute  measurements  but  by  the  silver  voltameter,  corrected 
by  reference  to  the  measured  ratio  between  the  electromotive 
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forces  of  the  Clark  and  cadmitim  cells.*  But  the  electrochemical 
equivalent  of  silver  is  not  known  with  any  greater  accuracy,  to 
say  the  least,  than  the  electromotive  force  of  the  Clark  cell. 
Hence,  the  Reichsanstalt  method  is  open  to  grave  objections. 

In  1899  an  absolute  determination  of  the  electromotive  force 
of  the  Clark  cell  was  made  by  the  writer  and  Dr.  Guthe.'  The 
result  was  1.4333  at  15°  C.  We  have  never  regarded  this  value 
as  final,  because  certain  changes  in  the  dimensions  of  our  absolute 
electrodynamometer  did  not  permit  us  to  repeat  the  measure- 
ments a  sufficient  number  of  times  to  get  a  satisfactory  series. 

Later  Dr.  Barnes  of  McGill  University  made  a  series  of  deter- 
minations of  the  mechanical  equivalent  of  heat  in  terms  of  the 
international  electrical  units.  His  results  will  agree  with  those 
of  Reynolds  and  Moorby,  made  by  a  purely  mechanical  method, 
if  the  electromotive  force  of  the  Clark  cell  is  1.43325  at  15°  C. ; 
and  they  will  agree  with  Rowlands  if  the  Clark  is  1.43355.^ 

During  the  past  year  we  have  again  taken  up  the  matter  with 
the  purpose  of  measuring  the  electromotive  force  of  the  Weston 
cadmium  cell  and  the  electrochemical  equivalent  of  silver.  The 
Weston  .cell,  with  a  saturated  solution  and  excess  of  cadmium 
sulphate  crystals,  is  chosen  because  of  its  low  temperature  coeffi- 
cient and  the  close  agreement  between  the  different  cells  of  a 
series.  The  temperature  coefficient  of  this  cell  has  been  so  care- 
fully determined  at  the  Reichsanstalt  that  it  is  not  necessary  to 
repeat  that  part  of  the  work.  For  cadmium  cells  with  saturated 
solutions  and  an  excess  of  cadmium  sulphate  crystals,  the  formula 
for  the  electromotive  force  at  any  temperature  between  about 
10°  C.  and  30°  C,  is 

Et  =  £20  -  0.000038  (/  -  20)  -  0.00000065  (/  -  20).^ 

Further,  the  ratio,  Clark  15°,  cadmium  20°,  has  been  deter- 
mined at  the  Reichsanstalt  in  several  series  of  comparisons  with 
the  greatest  care  and  the  most  refined  precautions.  In  one  of 
these  series  the  writer  assisted.  Giving  due  weights  to  the 
several  series,  the  result  is  as  follows: 

Clark  at  15°  ^  ^  ^^^^ 

Cadmium  at  20° 

An  absolute  determination  of  the  electromotive  force  of  the 
cadmium  cell  is  therefore  one  also  of  the  Clark  cell,  for  the 

1.  Phys.  Rev.,  Vol.  XII.  No.  3    1900. 

2.  Phys.  Rei'.,  Vol.  IX,  No  5,  1899. 

3.  Phil.  Trans.,  Senes  A,  Vol.  199. 
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above  ratio  is  known  with  much  greater  accuracy  than  we  can 
measure  the  electromotive  force  of  either  in  absolute  measure. 

Our  absolute  electrodynamometer  has  been  rebuilt  for  per- 
manency as  follows:  The  stationary  coil  is  wound  in  a  single 
layer  of  593  turns  of  No.  22  silk  covered  wire,  on  a  plaster  of 
Paris  cylinder  a  little  more  than  47.3  cm.  in  diameter.  The  vari- 
ation in  diameter  from  one  end  to  the  other  is  only  about  one- 
tenth  of  a  mm.  The  winding  is  about  41  cm.  long,  or  the  length 
is  to  the  mean  radius  of  the  axis  of  the  wire  as  \/  3  to  1. 

The  suspended  coil,  consisting  of  No.  22  wire  rolled  flat,  is 
wound  in  40  turns  in  a  ground  porcelain  cylinder  10  cm.  in  diam- 
eter. This  cylinder  is  suspended  by  a  phosphor-bronze  wire  a 
meter  long  and  approximately  0.7  mm.  in  diameter.  The  theor}' 
of  the  instrument  and  its  construction  were  fully  described  by 
Patterson  and  Guthe  in  their  paper  on  "  A  New  Determination 
of  the  Electrochemical  Equivalent  of  Silver.''^ 

The  preliminar>'  measurements  on  the  cadmium  cell,  which  we 
hoped  to  make  before  this  meeting,  we  have  not  been  able  to 
carry  out.  A  series  of  cadmium  cells,  with  amalgam  containing 
12.5  per  cent,  cadmium,  have  been  made.  No  pains  have  been 
spared  in  the  preparation  of  materials  throughout.  The  cells 
.  agree  well  among  themselves,  the  variations  being  smaller  than 
the  limits  of  accuracy  we  are  attempting. 

The  very  low  temperature-coefficient  of  the  cadmiiun  cell  is  an 
advantage  of  the  greatest  importance,  and  the  uniformity  shown 
by  different  series  of  cells  is  so  marked  as  to  constitute  another 
count  in  its  favor  as  a  standard.  No  definite  specification  has 
ever  been  drawn  up  for  the  construction  of  this  cell.  I  have 
therefore  the  following  recommendations  to  make : 

First. — That  the  Institute  appoint  a  committee  of  three  to 
prepare  a  complete  specification  for  the  normal  cadmium  or 
Weston  cell. 

Secondly. — That  the  cadmium  cell,  as  thus  specified,  shall  be 
adopted  by  the  Institute  as  the  standard  of  electromotive  force, 
and  that  steps  be  taken  to  secure  its  legal  adoption  by  Congress, 
provided  it  be  dedicated  to  the  public  by  the  inventor,  one  of  the 
distinguished  Past-Presidents  of  this  Institute. 
'  1.   Fhys.  Rev.,  Vol.  VII.  No.  39,  1898. 
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Discussion. 

President  Scott: — It  is  almost  superfluous  to  express  the 
appreciation  which  we  have  for  work  of  this  kind  and  the  ex- 
cellent results  which  Dr.  Carhart  has  presented  to  us.  His  name 
is  a  guarantee  for  what  is  the  principal  thing  in  this  paper,  which 
is  its  accuracy  and  reliabihty.     Is  there  discussion  upon  this? 

Mr.  Sharp: — I  wish  to  second,  very  warmly  Professor  Car- 
hart's  recommendations.  ^  This  matter  of  the  legal  standard 
of  e.m.f.  is  a  very  important  one.  The  difference  which  exists 
now  between  the  standard  e.m.f.  in  use  in  Germany  and  our 
own  amounts  nearly  to  one-tenth  of  1  per  cent.  In  other 
words,  their  volt  is  one-tenth  of  1  per  cent,  different  from  ours. 
Now,  in  most  engineering  work  that  is  not  a  matter  of  very  great 
importance,  but  in  any  work  of  precision  it  is  a  matter  of  great 
importance,  and  it  is  extremely  desirable  to  get  rid  of  this 
intolerable  difference. 

The  simplest  and  best  way  to  do  it  would  be  to  abandon  the 
Clark  cell  as  our  primary  standard  of  e.m.f.  The  Clark  cell  is  a 
rather  troublesome  thing  to  use  in  work  of  precision.  With  it  it 
is  not  so  easy  to  attain  an  accuracy  of  even  one-tenth  of  1  per 
cent.,  on  account  of  the  uncertainty  as  to  what  the  exact  e.m.f. 
of  the  Clark  cell  is  after  it  has  undergone  temeprature  changes. 
AlUr  abandoning  our  present  standard  we  should,  as  Professor 
Carhart  has  suggested,  go  over  to  the  cadmium  cell,  which  is  in 
every  way  better  adapted  for  use  as  a  primary  standard  of  e.m.f. 
The  cadmium  cell  is  more  easily  prepared  than  the  Clark  cell 
and  it  is  much  more  easy  to  use  than  the  Clark  cell. 

The  one  necessary  thing  to  this  end  is  that  sufficient  repre- 
sentations be  made  to  Mr.  Weston  to  induce  him  to  add  to  the 
great  contributions  which  he  has  already  made  to  the  progress 
of  electrical  science,  this  one  other  contribution;  namely,  that 
he  shall  dedicate  to  the  use  of  the  pubHc  this  cell.  This  dedi- 
cation need  not  include  the  cell  which  is  made  and  sold  by  the 
Weston  Electrical  Instrument  Company,  which  is  the  under- 
saturated  solution  cell.  The  saturated -solution  cell,  which 
alone  is  adapted  for  use  as  a  primary  standard,  is  not,  I  believe, 
on  the  market  in  any  form  at  the  present  day.  and  can  be  ob- 
tained practically  only  by  making  it  one's  self.  If  Mr.  Weston 
were  to  consent  to  this,  I  believe  we  should  signalize  an  event  of 
considerable  importance  by  going  over,  as  the  result  of  the  de- 
liberations of  the  forthcoming  Congress,  to  the  cadmium  cell 
as  a  common  and  fixed  basis  for  measurement. 

Let  me  emphasize  in  this  connection  the  importance  of  the 
standard  cell  to  engineers  in  practical  work.  It  will  be  conceded 
that  no  electrical  laboratory,  at  least  no  college  or  technical 
school  laboratory,  is  complete  without  an  apparatus  like  the 
Wheatstone  bridge.  Nobody  thinks* of  getting  along  without 
that.  But  you  see  a  great  many  such  laboratories  that  are  ut- 
terly destitute  of  a  potentiometer  Now.  to  my  mind  a  potentio- 
meter is  an  instrument  of  far  greater  engineering  importance  than 
the  Wheatstone  bridge,  if  we  can  compare  things  both  of  which 
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are  so  necessary.  We  need  in  engineering  to  measure  two  things ; 
namely,  e.m.f.  and  current.  For  measuring  both  of  those  ac- 
cording to  the  best  methods  we  need  a  potentiometer  in  connec- 
tion with  a  standard  cell.  The  impression  is,  I  think,  rather 
widespread  that  standard  cells  are  delicate  things  which  must 
be  handled  with  a  great  deal  of  care  in  order  to  get  good  results 
with  them  and  not  to  destroy  them.  This  impression  is  errone- 
ous. The  standard  cell  will  submit  to  a  good  deal  of  bad  usage 
and  will  recover  from  it.  Short-circuiting  a  properly  constructed 
cell  will  destroy  its  usefulness  as  a  standard  for  a  while,  but  after 
a  comparatively  short  period,  a  day  or  two  perhaps,  it  is  back 
again  where  it  ought  to  be  and  is  uninjured.  It  is  an  extremely 
reliable  thing  to  use.  The  potentiometer  can  be  made  in  such  a 
simple  form  that  it  can  be  appHed  in  any  engineering  practice 
with  very  great  facility,  so  that  it  is  quite  feasible  to  make  it  an 
adjunct  practically  of  every  central  station,  an  instrument  by 
which  every  central  station  man  can  keep  his  pressure  exactly 
where  it  ought  to  be,  can  check  his  voltmeters  and  know  what 
their  errors  are.  Moreover,  these  checks  can  be  made  in  positions 
where  the  ordinary  electromagnetic  direct-reading  voltmeter  is 
utterly  at  fault;  that  is,  in  the  vicinity  of  heavy  feeders  and  bus- 
bars carrying  large  currents,  etc. 

I  think  it  is  important,  then,  that  the  Institute  take  some 
action  such  as  has  been  suggested  in  regard  to.  the  matter  of  a . 
standard  cell,  and  that  it  should  aid  in  every  way  in  the  very 
important  work  which  Prof.  Carhart  has  in  hand,  of  determining 
the  value  of  the  e.m.f.  of  the  Weston  cell. 

Mr.  Carl  Hering: — I  thoroughly  agree  with  the  recom- 
mendation of  Professor  Carhart  concerning  such  a  committee, 
but  would  like  to  add  that  it  would  be  well  for  that  committee 
also  to  recommend  specific  and  distinctive  names  for  the  two 
different  cadmium  or  Weston  cells,  so  as  to  avoid  the  confusion 
which  now  exists.  At  present  it  seems  that  the  saturated  cell 
is  called  the  cadmium  cell,  and  the  unsaturated  one  is  called 
the  **  Weston  cell."  It  seems  to  me  that  the  first  one,  being 
the  real  standard,  should  bear  Weston *s  name.  I  would  there- 
fore recommend  that  the  saturated  cell  be  called  the  Weston 
cell,  partly  because  its  defeated  rival  for  first  place  is  also  called 
by  the  name  of  its  inventor,  namely,  Clark;  and  that  the  un- 
saturated cell  be  given  some  different  name.  The  voltages  of 
the  two  are  slightly  different,  that  of  the  unsaturated  cell  being 
the  voltage  of  the  saturated  cell  at  4*^  Centigrade,  at  which 
temperature  it  is  saturated. 

I  also  think  it  is  advisable  to  change  the  value  which  we  have 
now  adopted  for  the  Clark  cell,  and  make  it  conform  more 
accurately  to  the  theoretical  definition  of  the  volt.  I  am  afraid 
there  is  a  tendency  to  adopt  as  final,  the  present  value  of  the 
Clark  cell  and  to  adhere  to  it,  even  though  it  may  not  agree  with 
the  absolute  units.  If  we  do  not  get  a  better  agreement  we  will 
in  time  have  to  have  such  a  thing  as  a  mechanical  equivalent  of 
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electncal  energy;  at  present  this  factor  is  a  simple  multiple  of  10. 
but  unless  the  value  of  the  Clark  cell  is  determined  more  accur- 
ately it  is  likely  that  some  such  incommensurate  number  will 
have  to  be  used  for  accurate  calculations. 

President  Scott: — Professor  Carhart  at  the  end  of  his  paper 
has  made  certain  recommendations.  The  committee  which  he 
has  suggested  will  probably  be  one  appointed  by  the  Board  of 
Directors  of  the  Institute.  If  it  is  your  pleasure  a  motion 
asking  the  Board  of  Directors  to  give  it  their  consideration,  may 
be  made  now. 

Professor  Goldsborough: — In  this  country  we  are  on  the 
point  of  bringing  into  complete  being  a  standardization  labora- 
tory under  the  auspices  of  the  government  at  Washington.  This 
Bureau  is  very  hopeful  of  being  drawn  closely  in  touch  with  the 
electrical  engineering  profession  and  does  not  wish  in  any  sense 
to  have  it  considered  as  a  physical  laboratory,  which  4s  separate 
and  apart  from  the  electrical  profession.  I  would  like  to  make  a 
motion  which  will  incorporate  the  ideas  which  Professor  Carhart 
has  voiced,  and,  in  addition,  one  other;  namely,  that  a  commit- 
tee, such  as  that  specified  by  Professor  Carhart,  be  appointed  by 
the  Directors  of  the  Institute,  to  report  at  the  general  meeting 
of  the  Institute  which  will  be  held  in  St.  Louis  in  September. 
1904,  and  that  25  copies  of  Professor  Carhart's  paper,  together 
with  the  discussion  on  the  same,  be  sent  to  the  secretary  of  each 
of  the  National  electrical  engineers*  societies  abroad,  and  also  to 
the  secretary  of  each  of  the  several  standardization  laboratories 
in  Europe. 

Mr.  Hering: — In  seconding  this  motion,  I  would  like  to  offer 
as  an  amendment,  that  this  report  be  made  as  soon  as  possible, 
in  order  to  give  time  for  expressions  of  opinion  both  in  this 
country  and  abroad,  before  the  next  Congress  meets.  It  seems 
to  me  to  be  a  mistake  to  discuss  matters  of  this  kind  at  the 
Congress.  The  real  object  of  a  congress  is  to  settle  a  discussion. 
The  discussion  should  precede  the  meeting  of  the  Congress.  I 
therefore  beg  leave  to  suggest  the  amendment  that  the  com- 
mittee report  as  soon  as  possible,  say,  early  in  the  fall. 

Professor  Goldsborough: — I  would  be  very  glad  to  incor- 
porate that  in  the  original  motion,  Mr.  President. 

(The  motion  was  then  put  and  carried.) 

Professor  Carhart: — Just  a  word  or  two  more,  please.  I 
may  say  that  our  experience  with  this  form  of  electrodynamo- 
meter  is  sufficient  assurance  to  us  that  the  new  one  will  give  us 
results  on  which  we  can  depend.  We  are  simply  making  an 
instrument  the  parts  of  which  we  shall  know  with  greater  cer- 
tainty. 

Secondly,  I  am  very  certain  that  the  Bureau  of  Standards  is 
heartily  in  sympathy  with  this  whole  matter.  It  may  not  be 
known  to  members  of  the  Institute  that  Assistant  Professor 
Guthe  of  my  Department  has  recently  been  retained,  I  am  ver>- 
sorry  to  say,  by  the  Bureau  of  Standards,  to  do  exactly  this  work 
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there,  and  they  are  proposing  to  duplicate  this  instrument  of 
ours  as  soon  as  they  are  able  to  (but  of  course  we  shall  be  far 
ahead  of  them,  a  good  many  months,  perhaps  a  year  of  two),  for 
the  purpose  of  making  similar  measurements.  I  saw  Professor 
Rosa,  the  physicist  of  the  Department  this  week.  So  that  I 
know  they  are  entirely  in  sympathy  with  the  whole  movement; 
and,  while  I  do  not  wish  to  dictate  at  all,  merely  to  suggest,  it 
would  be  very  fitting  if  a  member  of  the  Bureau  who  is  also  a 
member  of  the  Institute,  were  placed  on  this  committee. 

(On  motion  of  Mr.  Dunn,  seconded  by  Mr.  Hering,  the  report 
was  adopted  by  a  rising  vote.) 

President  Scott: — ^The  next  paper  is  No.  8,  *'  The  Magnetic 
Units,"  by  Doctor  A.  E.  Kennelly. 

Doctor  Kennelly  read  the  paper  referred  to,  as  follows: 


A  paper  presented  at  the  20lh  Annual  Convention 
of  the  American  Institute  of  Electrical  Engi- 
neers, Niagara  Falls,  iW.  Y..  July  2.  1903. 


MAGNETIC  UNITS  AND  OTHER  SUBJECTS  THAT  MIGHT 
OCCUPY  ATTENTION  AT  THE  NEXT  INTERNA- 
TIONAL ELECTRICAL  CONGRESS. 


BY  A.  E.  KENNELLY. 


The  committee  appointed  by  the  British  Association  for  the 
Advancement  of  Science  for  the  selection  and  nomenclature  of 
dynamical  and  electrical  umts,  published  its  first  report  in  1873. 

That  report  recommended  the  adoption  of  the  centimetre, 
gramme  and  second  as  the  respective  fundamental  units  of 
length,  mass  and  time,  on  which  the  dynamic  and  electromag- 
netic systems  of  units  should  be  based.  The  centimetre  was 
selected  in  place  of  the  metre,  so  as  to  make  the  density  of  water 
equal  to  unity. 

The  C.  G.  S.  system  of  units  thus. promulgated,  has  become  the 
recognized  international  scientific  unitary  system.  It  has  met 
with  almost  universal  satisfaction. 

In  constructing  the  C.  G.  S.  basic  units  of  electricity  and 
magnetism,  it  is  now  easy  to  perceive  that  a  bad  selection  was 
made.  The  unit  magnetic  pole  was  chosen  as  one  which  repelled 
its  prototype  at  unit  distance  with  unit  force.  A  better  selection 
would  have  been  the  pole  which  emitted  unit  magnetic  flux, 
with  a  similar  definition  for  the  unit  electric  point-charge.  The 
assumed  system  of  electromagnetic  units,  thus  amended,  is 
sometimes  spoken  of  as  the  "rational  '*  system,  in  contradis- 
tinction to  the  existing  system,  which  is  then  described  as  the 
*'  irrational  system."  The  rational  system  would  be  more  simple 
to  express  and  to  remember,  tor  the  reason  that  the  numerical 
constant  4;:  or  12.566,  which  now  appears  in  many  funda- 
mental electromagnetic  equations,  would  have  been  ehminated 
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and  introduced  into  spherical  problems,  where  the  constant 
naturally  belongs.  For  example,  the  m.m.f.  in  a  magnetic  cir- 
cuit would  become  equal  to  the  current-turns  linked  therewitli, 
instead  of  4;:  times  the  current- turns.  Consequently,  many 
spherical  electromagnetic  problems  that  would  naturally  expect 
the  4;:  constant,  now  exclude  it,  and  plane  or  rectangular  prob- 
lems, that  would  be  simpler  without  it,  now  embrace  it. 

This  criticism  could  scarcely  have  been  foreseen  at  the  time  the 
C.  G.  S.  electromagnetic  system  was  constructed.  It  has  taken 
years  of  acquaintance  with  the  system  to  make  the  defect 
apparent. 

If  we  could  go  back  with  our  present  knowledge,  and  create  the 
C.  G.  S.  electromagnetic  system  afresh,  it  would  probably  be 
better  to  adopt  the  "  rational  "  system.  To  make  the  change 
now  would  require  changing  the  magnitudes  of  the  ohm,  volt, 
ampere  and  other  magnetic  units  by  some  power  of  4;r.  The  only 
exceptions  would  be  the  watt  and  the  joule.     They  would  escape. 

It  would  be  very  troublesome  to  change  all  our  electromagnetic 
measures.  The  trouble  would  be  felt  by  every  electrical  industry. 
The  change  could  only  be  made  effective  by  international  agree- 
ment. The  only  compensation  for  the  trouble  and  expense  would 
be  a  certain  amount  of  scientific  simplification  in  the  theory  of 
electromagnetism,  and  a  certain  benefit  to  scientific  computers. 
The  electrical  industries  would  not  receive  any  practical  benefit, 
and  any  benefit  they  could  receive  would  be  that  small  indirect 
amount  derivable  from  the  simplification  in  theory  already  men- 
tioned. 

It  seems  too  late,  therefore,  to  attempt  reconstructing  electro- 
magnetic units  upon  the  C.  G.  S.  system  on  a  more  rational  basis. 
The  majority  would  be  inconvenienced  for  the  benefit  of  the 
minority.  It  seems  better  that  the  student  minority  should 
make  a  httle  more  effort  to  work  with  the  existing  "  irrational  *' 
uints,  than  to  upset  the  existing  order  of  electromagnetic  measure 
in  the  hands  of  the  many.  In  fact  it  is  probably  inadvisable  for 
scientists  to  adopt  the  "  rational  "  system  in  their  writings,  since 
the  labor  of  reading  electrotechnical  papers  is  often  greatly 
enhanced  by  the  uncertainty  as  to  which  of  the  two  systems  is 
being  employed. 

The  case  is  reversed  as  regards  the  rational  use  of  the  metric 
system  of  weights  and  measures.  In  this  country,  and  in  Great 
Britain,  the  system  of  customary  weights  and  measures  is  a 
burdensome  incoherent  medley  with  absurd  inconsistencies  and 
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ambigtdties.  The  metric  system  is  far  simpler  and  better,  be- 
sides being  in  otherwise  international  use.  The  change  from  the 
customary  to  the  metric  system  would  entail  much  trouble  and 
some  expense,  but  it  would  effect  a  great  reduction  of  aggregate 
national  labor  in  learning,  employing,  exchanging  and  comput- 
ing. The  change  would  be  nationally  economical,  so  far  as  can 
be  judged  from  the  internal  evidence  presented,  as  well  as  from 
the  evidence  of  the  various  countries  that  have  already  made  slt 
similar  change. 

Several  ingenious  expedients  have  been  proposed  for  effecting 
partial  ''.rationalization  "  of  the  C.  G.  S.  electric  and  magnetic 
units,  without  changing  the  values  of  the  concrete  practical  units. 
All  thus  far  proposed  introduce  a  new  factor  into  fundan::ental  or 
defining  equations  in  order  to  get  rid  of  the  4  n  constant  in  other 
equations,  so  that  the  4  ;:  difficulty  is  thereby  not  eradicated  but 
merely  transported.  It  is  very  doubtful  whether  such  half- 
hearted expedients  can  succeed.  It  seems  better  to  let  the  exist- 
ing system  alone. 

In  adapting  the  C.  G.  S.  system  of  magnetic  units  to  practical 
requiren.ents,  the  inconvenient  magnitudes  of  many  C.  G.  S. 
units  became  apparent.  The  C.  G.  S.  unit  of  e.m.f.  was  ridicu- 
lously small,  since  an  ordinary  Daniell  cell  showed  1 10  millions 
of  them.  A  similar  condition  was  found  for  the  C.  G.  S.  unit  of 
resistance;  since  a  Sien:ens  unit,  in  extended  use  at  that  time, 
containing  about  a  trillion  C.  G.  S.  units.  In  order,  therefore, 
to  aid  practicians,  the  working  unit  of  e.m.f.  was  selected  as 
l(f  C.  G.  S.  units  of  e.m.f.  under  the  name  of  the  volt;  while  the 
working  unit  of  resistance  was  selected  as  10*  C.  G.  S.  units  of 
resistance,  under  the  title  of  the  "  ohm."  These  practical 
magnitudes  having  once  been  adopted,  a  practical  system  of 
units  inevitably  came  into  existence,  one  volt  through  one  ohm 
producing  one  ampere ,  one  ampere  carried  for  one  second  deliv- 
ering one  coulomb,  and  so  on.  The  practical  units  differed  from 
their  parents,  the  corresponding  C.  G.  S.  units,  by  differing  mul- 
tiples or  powers  of  10.  In  one  instance,  the  ratio  between  a 
C.  G.  S.  unit  and  its  practical  representative  is  10,  in  another  it  is 
10',  in  another  10\  and  so  on.  Moreover,  the  practical  systCTi 
of  the  ohm,  volt,  ampere,  coulomb,  joule,  watt  and  henry,  is  such 
as  would  have  been  arrived  at  directly,  if  the  unit  of  length  had 
been  an  earth -quadrant,  or  10*  centimetres,  instead  of  one  centi- 
metre, and  the  unit  of  mass  10""  gramme,  instead  of  the  gramme, 
the  unit  of  time  being  the  second  in  both  systems. 
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Thus  there  has  been  created  the  fundamental  centimetre- 
gramme-second  system  in  which  the  theory  of  electromagnetics 
is  learned,  and  to  which  all  science  is  referred.  Side  by  side  with 
the  C.  G.  S.  system  is  the  practical,  or  quadrant-eleventh  et 
gramme-second  system,  or  Q.  E.  S.  system,  in  which  most  of  the 
units  have  been  christened  for  industrial  use.  The  C.  G.  S. 
system  is  thus  the  language  of  the  esoteric;  while  the  Q.  E.  S. 
system  is  the  electrical  vernacular. 

The  divorce  of  the  practical  from  the  scientific  system  was  a 
grave  mistake,  although  it  was  probably  hard  to  foresee.  After 
years  of  experience  it  is  now  easy  to  see  that  the  correct  original 
course  would  have  been  to  christen  the  C.  G.  S.  magnetic  units, 
without  regard  to  their  particular  magnitudes,  and,  at  the  same 
time,  to  adopt  a  suitable  series  of  prefixes  for  decimal  multiples 
and  submultiples,  in  extension  of  the  existing  micro-milli-kilo- 
mega  system.  If,  for  example,  the  C.  G.  S.  magnetic  unit  of 
current-strength  (10  amperes),  had  been  originally  christened  the 
ampere,  our  present  ampere  would  have  been  known  as  the  deci- 
ampere,  and  in  a  few  days  we  should  have  become  as  familiar 
with  such  a  deci-ampere  as  we  are  with  the  existing  ampere. 
This  is  shown  by  the  case  of  the  microfarad,  which  is  as  simple 
and  convenient  a  term  as  if  this  standard  capacity  had  been 
originally  called  the  farad.  We  should  then  have  retained 
the  C.  G.  S.  system  for  both  the  esoteric  and  the  vernacular,  but 
would  have  adopted  for  practical  work  certain  multiples  with 
their  apporpriate  prefixes. 

It  is  probably  now  too  late  to  retrace  our  steps.  We  cannot 
annul  the  Q.  E.  S.  system  and  exclusively  adopt  the  C.  G.  S. 
system  for  practical  work.  Nor  is  it  worth  while  upheaving  deci- 
mal relationships.  Thus,  it  has  been  suggested  that  the  existing 
dekavolt  might  be  changed  in  name  to  the  volt,  by  increasing 
the  volt  to  ten  times  its  present  magnitude,  in  order  to  make  the 
new  ampere  agree  with  the  C.  G.  S.  unit  of  current.  This  would 
entail  a  slight  advantage  over  the  existing  practical  system. 
It  would,  however,  effect  a  confusing  hiatus  in  technical  literature 
and  would  still  leave  a  practical  system  divorced  from  the  C.  G.  S. 
system  with  numerical  ratios  of  10^  and  10* .  The  Q.  E.  S.  sys- 
tem is  in  satisfactory  industrial  use  all  over  the  world,  so  far  as  it 
goes;  viz.,  through  the  eight  units:  volt,  ampere,  ohm,  farad 
coulomb,  henry,  joule,  and  watt.  But  we  can  with  advantage 
stop  further  unnecessary  divergence,  by  refraining  from  christen- 
ing any  more  units  in  the  Q.  E.  S.  system,  and  by  bestowing  all 
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future  names  on  the  C.  G.  S.  system.  A  start  in  this  direction  has 
already  been  made.  The  international  electrical  Congress  at 
Paris  in  1900  christened  the  C.  G.  S.  magnetic  units  of  fl\ix  and 
flux-density,  under  the  names  of  maxwell  and  gauss  respectively. 
These  terms  have  already  come  into  fairly  extended  use  in 
America  and  into  somewhat  more  limited  use  in  Europe. 

It  is  very  desirable  that  the  next  international  electrical 
congress  should  complete  the  units  of  the  magnetic  circuit  by 
bestowing  names  upon  the  C.  G.  S.  units  of  m.m.f.  and  of  reluct- 
ance. The  American  Institute  of  Electrical  Engineers 
has  for  several  years  provisionally  recommended  the  names 
**  gilbert  *'  and  "  oersted  *'  for  these  two  units.  They  are  already 
in  some  use  in  America.  If  they  should  be  adopted,  we  would 
have  the  relations : 

-    -— T-  =  maxwells 
oersteds 

maxwells 

=  gausses 
sq.  cms. 

The  ampere-turn  is  a  very  convenient  unit  of  m.m.f.  close  to 
the  C.  G.  S.  unit  in  order  of  magnitude ;  but  a  name  for  the  C.  G.  S. 
unit  is  very  desirable. 

By  rights,  every  C.  G.  S.  electromagnetic  unit  should  have  a 
name.  There  is  not  even  a  recognized  weed,  or  germ,  that  does 
not  have  a  name.  Practically  all  the  fifteen  hundred  millions  of 
people  inhabiting  the  world  have  names.  It  would  seem  that  a 
fundamental  C.  G.  S.  electric  or  magnetic  unit  is  of  as  much  im- 
portance as  a  weed  or  a  bacillus.  Moreover,  it  is  fortunately  un- 
necessary' to  learn  the  names  for  units,  or  commit  them  to 
memory,  if  the  units  are  rarely  used.  It  would  be  sufficient  to 
have  authorized  names  accessible  and  definite,  ready  for  use 
when  required. 

Moreover,  our  minds  are  so  constituted  that  until  we  possess  a 
name  for  a  thing,  the  thing  remains  more  or  less  symboHcal,  and 
is  not  fully  realized  as  concrete.  Thereby  the  C.  G.  S.  system  of 
electromagnetic  units,  which  is  necessary^  and  fundamental  be- 
comes hampered  and  retarded.  It  is  desirable  for  scientific  pur- 
poses, for  educational  purposes,  and  in  the  interests  of  progress, 
that  these  international  C.  G.  S.  units  should  have  recognized  • 
names. 
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For  example,  the  fundamental  rule  for  the  electromotive  force 
of  a  direct-current  bipolar  dynamo  is 

e  ^  (f>nw.  C.  G.  S.  magnetic  units  of  e.m.f. 
where  <f>  is  the  useful  flux  from  pole  to  armature  in  maxwells,  n 
the  speed  of  rotation  in  revolutions  per  second  and  w  the  number 
of  wires  on  the  surface  of  the  armature.  If  we  divide  e  in  this 
equation  by  10",  we  get  the  result  in  volts;  but  the  C.  G.  S. 
magnetic  unit  of  electromotive  force  is  worthy  of  a  name,  if  only 
to  avoid  the  objectionable  periphrasis. 

The  expedient  suggests  itself  of  attaching  the  prefix  ab  or  abs 
to  a  practical  or  Q.  E.  S.  unit,  in  order  to  express  the  absolute  or 
corresponding  C.  G.  S.  magnetic  unit.  The  advantages  of  the 
plan  are  that  it  is  almost  self-explanatory,  and  requires  no  effort 
of  memory  to  acquire;  also  that  it  is  self-suggesting  in  all  the 
important  European  languages.  According  to  this  plan  the 
C.  G.  S.  m^netic  unit  of  e.m.f.  would  be  the  abvolt 


((                    <( 

"  resistance 

i<         1' 

absohm 

<<                    l< 

'*      *'  current 

II         1* 

absampere 

II                    «< 

"      **  quantity 

II         II 

abcoulomb 

11                    II 

"     "  capacity 

II                      !• 

abfarad 

il                  II 

**      **  inductance 

II                      II 

abhenry  or 
centimetre 

41                                 (< 

II      II  ^^^----,_ 
energy 

II                      <l 

abjoule  or  erg 

II                                 II 

"      "  power 

II                      l« 

abwatt 

We  would  also  have  the  following 

ratios: 

abvolt 

=  0.01  microvolt     = 

10^  volt 

rbsohm 

=  1  bicrohm            = 

10^  ohm 

absampere 

=  1  dekampere       = 

10  amperes 

abcoulomb 

=  1  dekacoulomb   = 

10  coulombs 

abfarad 

=  1  begafarad         = 

10*  farads 

abhenry 

=  1  bicrohenry        = 

lO^henn'  = 

1  cm. 

ab  joule 

r=  0.1  microjoule     = 

10-^  joule    = 

1  erg 

abwatt 

=  0.1  microwatt      = 

10-^  watt 

On  such  a  basis  the  preceding  equation  would  be  written 
c  =  (j>  ;i  ct'  ab  volts, 
with  great  advantage  in  clearness  and  comprehensibility. 

In  a  comprehensive  system  of  electromagnetic  terminology,  the 
electric  C.  G.  S.  units  should  also  be  christened.  They  are  some- 
times referred  to  in  electrical  papers,  but  alwavs  in  an  apologetic, 
symbolical  fashion,  owing  to  the  absence  of  names  to  cover  their 
nakedness.  They  might  be  denoted  by  the  prefix  abstat.    Thus,  the 
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would  be  the  abstatvolt 
abstatohm 
abstatampere 

'    '*         "         abstatcoulomb 
*'         "         abstatfarad 
abstathenry 


1  abstatvolt 
1  abstatohm 
1  abstatampere 
1  abstatcoulomb 
1  abstatfarad 
1  abstathenry 


300  volts 
9  X 10"  ohms 
3.3  X  lO-**  ampere 
3.3  X  l(r^^  coulomb 
1.1x10"  farad 
9  X 10"  henrys* 


C.  G.  S.  electric  unit  of  e.m.f. 
*'  "         "      '*  resistance 

'*  **         "      "  current 

*'         "      "  quantity 
**  "         "      "  capacity 

inductance 

The  abstatjoulc  :.nd  abstatwatt  are  the  same  as  the  abjoule  and 
abwatt  respectively.  These  units  would  almost  also  be  self- 
explanatory  in  any  European  langu^e  and  would  call  for  no 
appreciable  effort  of  memory. 

We  should  then  have  the  following  ratios  {v  —  3x W^  ap- 
proximately) : 

=  V  abvolts 
=  i^  absohms 
=  ir^  absampere 
=  v'^  abcoulomb 
=  iT^  abfarad 
=  if^  abhenrys 

It  is  desirable  that  such  system  of  christening  the  C.  G.  S. 
magnetic  and  static  units,  without  burdening  the  memory, 
should  be  adopted  by  an  international  electrical  congress. 

It  seems  also  desirable  that  an  international  electrical  congress 
should  sanction  the  use  of  the  Hefner  Alteneck  Reichsanstalt 
standard  amyl-acetate  lamp  as  a  secondary  standard  of  light  or 
luminous  intensity.  The  lamp  is  in  extended  use  for  determining 
the  intensity  of  incandescent  lamps,  and  as  such  should  receive 
recognition. 

It  is  also  desirable  that  steps  should  be  taken  by  an  inter- 
national electrical  congress  to  establish  a  uniform  international 
basis  for  the  standardization  of  electrodynamic  machinery.  The 
American  Institute  of  Electrical  Engineers  has  already 
formulated,  through  the  work  of  a  committee,  a  series  of  stand- 
ardization rules,  relating  to  nearly  all  classes  of  dynamo-electric 
machinery.  A  similar  series  of  rules  differing  from  the  last 
named  in  various  details  has  been  promulgated  in  Germany  by 
the  Verband  der  Deutcher  Electroteckniker.  Still  other  rules 
are  extant  locally  in  other  countries.  It  is  perhaps  possible  to 
carr>'  the  principal  of  international  standardization  too  far  into 
detail,  since  many  details  depend  in  each  countr\*  upon  local, 

♦The  abstat  henrys  regarded  as  a  length  according  to  the  conven- 
tional system  of  dimensions  contains  9x  10**  earth  quadrants,  a  distance 
that  light  would  take  nearly  one  thousand  years  to  cross. 
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commercial  and  industrial  conditions;  but,' on  the  other  hand, 
there  are  many  underlying  physical  and  electrotechnical  con- 
ventions that  might  receive  international  consent  among  elec- 
trical engineers.  For  example,  a  dynamo  machine  ought  to  have 
the  same  rating,  based  on  temperature-elevation  under  load,  all 
over  the  world,  and  the  rules  by  which  the  rating  of  a  dynamo 
is  experimentally  determinable  might  well  be  adopted  by  an 
international  electrical  congress,  together  with  many  similar 
matters,  under  this  general  title  of  standardization.  Such  a 
concensus  of  opinion  would  probably  take  time  to  evolve  and  an 
international  electrical  congress  might  appoint  a  standing  com- 
mittee to  confer  upon  the  question  of  standardization  'with 
instructions  to  report  at  a  future  time.  Much  scientific  and 
engineering  benefit  might  be  hoped  for  from  the  efforts  of  such  a 
standing  committee  on  international  standardization. 
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Discussion. 

Mr.  Hering: — I  did  not  understand  whether  the  prefix  '*  ab  " 
for  the  C.  G.  S.  units  was  to  apply  to  .the  electromagnetic  units  or 
to  the  electrostatic,  or  to  both.  If  it  applied  to  both  there  would 
be  confusion.  I  presume  it  is  ioitended  to  be  applied  only  to  the 
electromagnetic  units. 

Doctor  Kennelly  said  that  the  last  Congress  at  Paris  in  1900 
created  some  units.  That  is  not  quite  right.  It  did  not  create 
them,  it  simply  named  some  existing  absolute  units. 

Professor  Goldsborough: — Before  we  pass  on  to  the  next 
paper,  may  I  be  permitted  to  say  a  word  or  two  in  reference  to 
Doctor  Kennelly 's  paper?  For  a  number  of  years  past  I  have 
found  it  very  convenient  indeed  to  make  up  a  few  names  for  the 
magnetic  units  which  thus  far  have  not  been  christened,  and  use 
them  commonly  in  discussing  matters  pertaining  to  electro- 
magnetism  with  our  students.  I  have  found  that  as  soon  as  we 
can  give  to  the  student  a  definite  name  for  a  specific  thing,  he 
gets  a  concrete  idea  of  what  it  is  very  much  more  readily. 

We  are  nearing  the  time  when  we  shall  undoubtedly  use  the 
metric  system  in  all  engineering  work.  The  Mechanical  Engi- 
neers are  taking  the  matter  up  for  serious  consideration,  and  con- 
sideration has  been  given  the  matter  by  the  Institute.  It  is 
only  a  question  of  time  when  the  English  measures  will  pass  out 
and  the  metric  system  will  come  in.  Why  should  we  not,  then, 
prepare  for  this  by  having  the  magnetic  units  properly  named 
so  that  ultimately  when  we  begin  to  speak,  say,  of  magnetic 
reluctance  per  centimeter,  we  shall  have  specific  unit  of  measure 
of  this  quantity.  To  my  mind  it  is  highly  important  the  new 
generation  of  engineers  that  is  coming  should  get  correct  concep- 
tions of  what  all  the  units  stand  for. 

I  should  like,  Mr.  President,  to  offer  another  motion,  to  the 
effect  that  copies  of  Doctor  Kennelly 's  paper  when  printed  be 
sent,  with  copies  of  Doctor  Carhart's  paper,  to  the  secretaries  of 
the  various  institutions  mentioned,  for  distribution  and  for 
the  purpose  of  calling  attention  to  matters  that  have  been  under 
discussion  here  this  morning. 

Professor  J.  P.  Jackson: — Mr.  President,  in  seconding  that 
motion,  I  wish  to  suggest  that  Doctor  Kennelly  was  exceedingly 
delicate  with  reference  to  existing  standards,  and  rightly  so;  and 
on  the  other  hand,  he  wished  to  get  as  nearly  as  possible  to  our 
fundamental  system.  I  feel  that  in  his  paper  he  can  afford  to 
use  a  good  deal  of  positiveness  in  reference  to  a  method  of  arrang- 
ing new  units  whereby  our  literature,  which  is  growing  rapidly 
and  assuming  permanent  shape,  will  not  have  any  constants 
whatsoever,  at  least  so  far  as  standard  formulas  are  concerned. 

I  second  Professor  Goldsborough 's  motion. 

(Carried.) 

Mr.  Hering: — Doctor  Kennelly  gave  the  impression  that  the 
Hefner  unit  of  light  was  the  one  generally  used  in  this  country. 
Some  time  ago  I  was  anxious  to  know  whether  this  was  or  was 
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not  the  case,  and  therefore  made  inquiries  which  showed  that 
the  prominent  gas  lighting  and  electrical  lamp  companies  use 
the  British  candle,  which  is  a  larger  unit  than  the  Hefner. 
Measurements  are  often  made  in  terms  of  the  Hefner  unit,  and 
are  then  reduced  to  the  uncertain  British  candle. 


A  paptr  presented ai  the  20th  Annual  ConveHtion 
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THE  CATHODE  RAY  ALTERNATING  CURRENT  WAVE 

INDICATOR. 


BY  HARRIS  J.   RYAN. 


During  the  past  three  years  I  have  had  considerable  experience 
in  the  use  of  the  Braun  type  of  cathode  ray  tube  to  determine  the 
character  of  rapidly  changing  electric  currents.  In  this  experi- 
ence I  developed  the  following  method  for  using  this  form  of  tube 
as  an  alternating  current  wave  indicator.  By  means  of  the 
method  this  instrument  fills  much  the  same  sort  of  a  want  in  the 
detail  study  of  n"any  alternating  current  phenomena  as  does  the 
indicator  in  the  study  of  the  cyclic  performance  of  steam  in  the 
steam  engine. 

I  have  found  the  method  so  convenient  and  satisfactory  in  a 
large  class  of  work  compared  with  other  and  more  usual  methods 
that  I  am  confident  that  many  members  of  the  Institute  will 
find  its  employment  often  convenient  and  most  useful  in  their 
own  work. 

Description  of  the  Method. 

The  usual  form  of  cathode-ray  tube  employed  for  indicating 
alternating  currents  is  shown  in  Fig.  1.  The  cathode  and  annode 
are  connected  to  the  negative  and  positive  conductors  respect- 
ively of  a  motor-driven  Wimshurst  electrostatic  machine.  A 
current  of  about  .0005  ampere  is  set  up  in  so  doing  and  the 
cathode  rays  are  driven  forward  through  the  tube,  striking  the 
glass  diaphragm  which  is  opaque  to  them.  All  of  the  rays  are 
stopped  at  this  diaphragm  except  those  which  pass  through  a 
small  aperture  at  its  center.  This  pencil  of  rays  continues  until 
it  strikes  the  screen  where  it  causes  a  brilliant  spot  of  fluores- 
cent light.  The  screen  is  of  mica  spread  with  white  powder  that 
powerfully  fluoresces  when  struck  by  the  cathode  ray. 
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Comparatively  weak  magnetic  fields  will  cause  large  aetiections 
to  the  ray.  Thus  if  a  continuous  current  be  passed  through  the 
coils,  c'  c',  mounted  just  beyond  the  diaphragm  as  shown  in 
Fig.  1,  of  sufficient  strength  in  regard  to  the  number  of  turns  in 
the  coils  so  as  to  produce  a  m.m.f .  of  about  50  ampere-turns,  the 
ray  will  be  deflected  well  to  one  side  of  the  center  of  the  tube, 
causing  a  correspondmg  displacement  of  the  spot  of  hght  on  the 
screen  to  the  point  marked  +.  Such  deflection  is  due  to  the 
magnetic  field  set  up  across  the  cathode  ray  by  the  current  in  the 
coils.  When  the  current  ceases  the  spot  of  light  produced  by  the 
ray  returns  to  its  normal  position  at  0.  If  the  current  is  set  up  in 
an  opposite  direction,  the  spot  of  light  will  shift  on  the  screen  to 
the  point  marked  — .  When  an  alternating  current  having  the 
same  maximum  value  is  substituted  for  the  continuous  current, 
the  spot  of  light  will  vibrate  between  the  -f  and  —  positions,  and 
owtng  to  the  persistence  of  vision  will  appear  as  a  band  of  light. 


Fig.  1 


By  looking  at  the  screen  as  seen  reflected  from  a  revolving 
mirror,  the  spot  of  light  actuated  by  an  alternating  current  will 
trace  a  wave  that  will  have  the  same  form  as  the  wave  of  current 
which  is  passed  through  the  coils  due  to  the  fact  that  the  cathode 
ray  has  no  appreciable  inertia.  Some  investigators  have  re- 
volved the  mirror  synchronously  and  thus  obtained  a  stationary* 
wave  which  is  most  satisfactory  to  look  at  and  which  may  be 
readily  photographed.  The  synchronous  driving  and  satisfactor\^ 
adjustment  of  the  revolving  mirror  involve  expensive  apparatus 
that  is  cumbersome  and  tedious  in  manipulation,  to  avoid  the  use 
of  this  apparatus  I  have  devised  the  following  method: 

Reference  is  here  made  to  Figs.  2  and  3.  Two  sets  of  coils  are 
applied  just  beyond  the  diaphragm  and  mounted  with  their  axes 
at  right  angles  and  in  the  same  plane  as  shown  in  Fig.  2.  The 
coils  having  the  axis  ab  set  up  a  horizontal  field  and  which 
when  established  with   alternating   currents  will   produce  the 
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vertical  motion  of  the  spot  of  light  producing  a  luminous  band 
on  the  screen  shown  at  ab  in  Fig.  3.  Similarly,  the  coils  having 
the  axis  cd  produce  the  horizontal  motion  of  the  spot  and  the 
band  cd.  When  the  alternating  currents  are  set  up  simultane- 
ously through  both  sets  of  coil,  the  spot  of  light  will  be  subject  to 
both  motions  tracing  the  card  shown  in  the  figure. 

In  order  that  definite  results  may  be  obtained,  only  one  of  the 
wave  forms  of  the  two  currents  may  be  unknown ;  the  other  must 
be  of  known  form.  The  most  suitable  known  form  is  t!:at  of  a 
true  sine  wave.  To  secure  a  true  sine  wave  of  current  with 
ample  accuracy  for  all  practical  purposes,  I  have  employed  the 
following  arrangement  of  inductance  and  capacity.  Referring  to 
Fig.  4,  AC  are  leads  from  an  alternating  source  of  unknown 
pressure  wave-form  supplying  the  current  to  an  apparatus  at  M 


Fig.  8 

that  is  to  be  observed.  The  circuit  through  M  leads  through  one 
set  of  coils  moimted  at  Cj  Cj,  so  as  to  give  a  motion  of  the  cathode 
ray  that  is  proportional  to  the  instantaneous  values  of  the  current 
through  M.  The  current  that  produces  the  standard  sine  wave 
motion  of  the  cathode  ray  passes  through  the  coils  c,  ^j  with 
their  axes  at  right  angles  and  in  the  same  plane  of  the  axis  of  the 
coils  c\  Tj.  This  current  is  obtained  from  the  source  having  an 
unknown  pressure  wave  form  a.t  a'  c\  It  passes  from  r'  through 
the  smgle  path  L'  and  the  paths  C  and  L''  in  multiple,  and  finally 
to  the  source  at  a'.  The  coils  c  2  Cj  are  connected  in  the  branch  L*^ 
L'  and  L"  are  inductive  reactances  made  by  mounting  coils  on 
straight  laminated  iron  cores.  The  ohmic  resistances  are  made 
as  low  as  is  ordinarily  convenient  and  possible  compared  with  the 
corres;)onding  values  of  the  reactances.     C  is  an  ordinary''  paper 
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condenser.  The  reactances  of  C  and  L"  are  adjusted  so  as  to  be 
approximately  equal  and,  therefore,  so  that  resonance  is  estab- 
lished to  some  extent  due  to  the  exciting  current  that  is  set  up 
through  L\  All  who  have  made  a  study  of  the  characteristic 
properties  or  behaviors  of  the  harmonic  elements  or  component 
irregularities  in  relation  to  inductance  and  capacity  will  note  at  a 
glance  the  powerful  action  that  this  circuit  will  exert  in  expurgat- 
ing the  current  that  passes  the  branch  L"  A  c^  c^  of  all  irregulari- 
ties causing  it  to  have  a  simple  sine  wave  form. 


I  have  usually  adjusted  this  circuit  so  that  a  current  of  .2 
ampere  passed  L',  and  1  ampere  circulated  through  the  resonant 
circuit  C  L"  A  c^  c^.  Thus  arranged  the  third  harmonic  will  be 
reduced  to  one-third  compared  with  the  fundamental  in  passing 
L';  a  further  reduction  of  one-third  of  the  third  harmonic  occurs 
through  L''  which  acts  as  a  throttle  for  all  harmonics  while  the 
condenser  passes  the  third  harmonics  with  a  facility  measured  at 
three  times  as  easy  as  for  the  fundamental.  A  further  reduction 
factor  of  5  to  1  acting  alike  against  the  third  as  well  as  all  higher 
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harmonics  is  applied  by  the  current  multiplying  process  due  to 
resonance.  All  current  circulated  through  C  L"  A  C2  c^  due  to 
resonance  must  have  the  simple  sine  form  so  long  as  the  satura- 
tion m.m.f.'s  utilized  by  the  iron  cores  are  small  compared  with 
those  used  by  the  air  cores  in  the  magnetic  circuit  of  L" .  Thus 
it  is  seen  that  there  are  approximately  the  following  factors 
which  combine  to  cut  out  the  third  harmonic. 

3x3x3x5  =  135 

which  means  that  in  the  above  circuit  the  value  of  the  third 
harmonic  compared  with  the  fundamental  circulating  through 
cTj  c,  has  been  reduced  to  one  hundred  and  thirty-fifth  of  the 
original  value  existing  in  the  e.m.f.  wave  impressed  by  the 
source  upon  this  circuit  at  a'  c'.  Since  even  in  very  bad  cases 
of  wave  distortion  in  e.m.f.  generation  the  third  harmonic  will 
not  exceed  one-third  of  the  magnitude,  it  follows  that  the  ratio  of 
the  fundamental  and  third  harmonic  values  of  the  current  through 
C2  C2  is  about  four  hundred.  Since  the  higher  harmonics  are 
eliminated  to  a  greater  extent  than  the  third  it  follows  that  the 
deviation  of  the  current  wave  through  the  coils,  c^  c^,  that  are  to 
produce  the  standard  known  motion  of  the  ray,  from  the  cyclic 
variation  of  a  true  sine  wave  is  less  than  one-quarter  per  cent., 
an  accuracy  that  is  ample  for  the  purposes  involved. 

By  means  of  the  analytical  methods  published  by  Steinmetz, 
the  exact  degree  of  expurgation  of  irregularities  in  the  wave  of 
the  original  source  is  easily  computed  where  "  open  "  magnetic 
circuits  employing  straight  cores  operated  at  low  flux  densities 
are  used  in  making  up  the  inductances  L'  and  L". 

The  degree  to  which  the  above  expurgation  of  irregularities 
will  occur  in  actual  operation  has  been  examined  carefully  in  a 
number  of  ways  and  found  to  be  about  as  described  above. 

When  the  unknown  current  through  M  and  the  coils  ditc^c^  and 
the  sine  wave  current  through  the  coils  at  c,  c^  are  established  at 
the  same  time,  the  spot  of  light  on  the  screen  in  the  cathode  rav 
tube  is  given  a  motion  that  is  the  resultant  of  two  motions  at 
right  angles  to  each  other  and  proportional  to  the  instantaneous 
values  of  their  corresponding  currents.  Owmg  to  the  persistence 
of  vision,  this  results  in  the  production  of  a  closed  card  upon  the 
screen  traced  by  the  spot  of  light.  A  record  of  this  card  may 
be  made  in  various  ways.  I  have  generally  used  one  of  the  two 
following  methods: 

1.  The  card  may  be  easily  photographed  in  the  ordinary  cam- 
era using  five  seconds'  exposure. 
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2,  It  may  be  traced  on  a  smoked  glass  mounted  in  front  of  the 
tube  by  keeping  the  eye  at  a  fixed  point  of  view. 

I  have  generally  preferred  to  record  the  cards  by  photograph- 
ing them. 

Ordinarily  the  detail  of  the  pressure  wave  with  respect  to  the 
current  wave  that  it  established  is  also  desired.  By  means  of 
switches  Sy^  5,  and  D  P  D  T  in  Fig.  4,  the  coils  at  c^  Cj  can  be 
disconnected  from  the  circuit  a^  M  (f  and  connected  in  the  circuit 
which  draws  current  through  a  non-inductive  resistance  a'"  R 
r"'.  This  produces  a  card  due  to  the  pressure  wave-form  im- 
pressed upon  the  machine  or  apparatus  at  M.  Obviously,  when 
the  currents  through  M  and  R  differ  widely  in  magnitude,  an 
extra  set  of  coils  may  be  mounted  concentric  with  the  coils  Cy^c^ 
through  which  to  receive  the  current  controlled  by  the  non- 
inductive  resistance  R,  Both  cards  may  be  photographed  on 
the  same  plate  when  a  true  record  is  obtained  of  instantaneous 
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values  and  phase  relations  of  the  unknown  e.m.f.  and  current 
applied  at  M.  To  enable  the  values  to  be  plotted  in  rectangular 
coordinates,  the  axis  of  the  standard  or  sine  wave  should  also  be 
recorded.  This  is  easily  done  by  removing  the  current  from  the 
coils  f  1  Cj  and  recording  the  line  of  light  produced  by  the  sine 
motion  that  remains  due  to  the  standard  current  in  the  coils  c^  f^. 
If  a  polyphase  source  is  employed  it  is  best  to  apply  the  sine 
wave  current  through  the  coils,  Cj  Cj,  from  a  pressure  phase 
changing  device.  This  is  easily  and  obviously  arranged  by 
means  of  a  set  of  autps  having  a  number  of  pressure  taps  or  by 
means  of  a  movable  coil  mounted  in  a  revolving  field  such  as  is 
provided  by  every  induction  motor  that  has  a  wound  secondary. 
Thus  the  phase  position  of  the  sine  wave  can  be  adjusted  so  as 
to  cause  the  more  intricate  portions  of  the  unknown  wave  form 
to  occur  at  the  time  when  the  sine  wave  motion  is  most  rapid. 
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t.  e.,  when  the  sine  wave  current  is  passing  through  zero.  In 
this  manner  the  resulting  cards  can  be  so  adjusted  as  to  bring 
out  the  desired  detail  to  the  fullest  and  clearest  extent. 

In  a  simple  and  obvious  manner  he  values  of  the  tmknown 
wave  may  be  taken  from  its  card  and  plotted  with  time  in  rect- 
angular coordinates.  One  way  of  doing  this  is  illustrated  in  Fig. 
5.  A  circle  is  drawn  using  the  sine  wave  as  a  diameter.  Upon 
tl:is  circle  a  number  of  equidistant  pomts  are  located  correspond- 
ing tJ  the  number  of  points  to  be  used  in  plotting  the  wave  iu 


1 
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1 
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Fig.  6. 

rectangular  coordinates.  Ordinates  to  the  sine  wave  diameter  of 
this  circle  will  intercept  the  card  at  uniform  time  intervals.  The 
lonf^ths  of  the  ordinates  from  the  card  to  the  diameter  are  pro- 
portional to  corresponding  instantaneous  values  of  the  wave  and 
may  be  transferred  without  change  to  the  rectangular  diagram 
to  form  the  actual  wave  as  shown  in  Fig.  5. 

The  scale  that  applies  to  the  instantaneous  values  is  deter- 
ir.ined  by  comparing  the  effective  value  of  the  observed  wave  with 
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the  reading  of  an  alternating  current  ammeter  placed  in  series 
with  the  sine  wave  coils,  z^  c^-  This  l  .ir.eter  is  read  at  the  ti.ne 
that  the  card  formed  by  the  unknow::  wave  is  recorded.  The 
ratio  between  the  deflections  of  the  ray  produced  by  the  coils  tj  l\ 
and  c,  C2  is  easily  obtained  once  for  all  by  means  of  observations 
taken  with  continuous  currents  and  instruments. 

The  half  tone  in  Fig.  6  was  made  from  a  photograph  of  a  set  of 
cards  and  their  axes  as  they  were  formed  *on  the  screen  of  the 
cathode  ray  tube.  In  making  these  cards  the  method  was  being 
employed  in  a  study  of  the  conductivity  of  the  atmosphere  about 
a  line  conductor  subjected  to  high  pressure.  _  The  card  L  C  was 
formed  by  the  line-charging  current  and  the  card  C  C  by  the 
charging  current  supplied  to  an  air  condenser  for  the  purpose  of 
detennining  the  e.m.f.  wave  impressed  upon  the  line.  The 
coils  corresponding  to  Cj  c^  in  Fig.  4  in  this  instance  contained 
a  total  of  46000  turns  which  would  enable  cards  to  be  formed 
with  currents  of  from  .OOOG  to  .00(5  ampere,  i.e.,  from  .6  to  0 
milhamperes.  The  effective  e.m.f.  employed  was  40,000  volts 
at  120  cycles. 


no.  7 

In  order  to  use  this  cathode  ray  instrument  0:1  hi.^^h  pressure 
circuits  some  natural  precautions  must  be  taken.  The  tube 
coils,  Wimsliurst  machine  and  camera  must  be  completely 
enclosed  in  a  wire  cai;e  set  upon  high  pressure  insulators  r^nd  con- 
r.ected  to  one  terminal  of  tlie  high  pressure  source.  The  branch 
//  .4  Cj  ^2  delivering  the  standard  sine  wave  from  the  low  pres- 
sure source  must  be  protected  by  inserting  an  insulating  trans- 
former so  as  to  separate  witii  an  a:nT)le  dielectric  the  coils  c^  c^  and 
the  remainder  of  the  low  pressure  circuit  L^  A  a/.  Such  an  in- 
sulating transformer  is  easily  provided  by  mounting  primary  and 
secondary  annular  coils  havmg  a  transformative  ratio  of  1 :1  upon 
a  straight  o[)en-circuit  core  an  1  separated  therefrom  by  a  suitable 
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space  to  be  occupied  by  the  dielectric  and  then  by  immersing  the 
whole  transformer  in  ordinary  kerosene.  Obviously  all  metallic 
circuits  within  the  high  pressure  cage  should  be  grounded  to 
it  In  this  manner  I  have  found  that  many  of  the  interest- 
in^-  atmospheric  conduction  phenomena  that  occur  in  high 
pressure  work  may  be  studied  experimentally  in  a  satisfactory 
manner. 

I  think  that  this  apparatus  will  in  the  future  be  found  of  use  in 
observ^ing  the  behavior  of  hunting  currents  in  synchronous 
machinery,  commutation  in  continuous  current  machinery,  the 
characteristic  manner  of  current  interruption  produced  by  fuse 
cut-outs,  and  circuit  breakers  and  electric  surges  on  long  lines. 

As  was  shown  above,  it  is  easily  applied  wl:ere  cyclic  phenom- 
ena are  to  be  observed.  It  can,  however,  frequently  be  used 
effectively  for  observing  values  that  occur  only  as  sudden  im- 
pulses, by  having  the  current  constituting  the  sudden  impulse 
through  one  circuit  and  a  unifonnly  increasing  current  through 
another  circuit  occur  simultaneously  and  arranged  so  as  to  act 
magnetically  upon  the  cathode  ray.  A  momentary  trace  show- 
ing the  nature  of  the  impulse  is  thus  drawn  across  the  fluorescent 
screen. 

When  I  determined  to  examine  into  the  fitness  of  the  Braun 
type  of  cathode  ray  tube  for  engineering  research  work  I  found 
that  the  tubes  on  the  market  were  altogether  too  small  to  be  of 
practical  use.  In  the  summer  of  1900  Mr.  Miller-Uhri  of  Braun- 
schweig, Germany,  undertook  to  make  for  us  two  tubes  in  which 
the  Screens  would  be  as  near  to  0  inches  in  diameter  as  he  could 
make  them.  The  glass  work  is  difficult  and  only  after  a  number 
of  trials  did  he  succeed  in  making  two  in  which  screens  were  5 
inches  in  diameter.  These  landed  in  my  laboratory  in  safety, 
A  drawing  to  scale  of  one  of  these  tubes  is  given  in  Fig.  1. 

At  the  outset  I  was  greatly  disappointed  in  the  behavior  of 
this  lar^-e  size  of  tube  compared  with  that  noted  in  the  small 
tubes.  The  cathode  ray  produced  by  the  discharge  from  the 
influence  machine  was  intermittent  and  almost  wholly  unsatis- 
factory. During  the  next  two  years  I  spent  such  available  titr.e 
as  I  could  spare  in  a  study  of  the  causes  of  this  intermittent  char- 
acter of  the  ray.  The  trouble  was  finally  traced  to  conductivity 
of  the  atmosphere  that  occurs  at  the  rather  high  pressure  that 
must  be  applied  between  the  cathode  and  annode  of  the  tube. 
The  pressure  required  will  spark  a  distance  of  2  inch  between  3 
inch  balls.  As  soon  as  the  real  cause  of  the  trouble  was  under- 
stood the  remedy  was  easily  found  and  ai)plied. 


548  RYAX:  WAVE  INDICATOR.  [Ju.y  2 

To  cause  the  formation  of  a  continuous  steady  ray,  therefore, 
it  is  necessary  to  jacket  the  tube  at  the  cathode  and  annode 
portion  with  an  ample  solid  dielectric.  Oil  for  this  purpose  is  a 
complete  failure  because  it  is  too  mobile.  The  best  manner  as 
yet  that  I  have  found  for  applying  the  jacket,  so  as  to  keep  the 
air  away  from  the  immediate  exterior  of  the  electrodes,  is  shown 
in  Fig.  7.  The  jacket  is  built  up  from  quarter-inch  hard  rubber 
discs  and  half  discs  cemented  to  the  walls  of  the  tube  with 
paraffin  in  the  manner  illustrated. 

Such  a  jacket  completely  overcomes  the  unsteadiness  of  the 
ray,  enabling  one  to  operate  the  tube  from  an  ordinary  Wims- 
hurst  machine  by  connecting  its  cathode  and  annode  direct  to  the 
terminals.  All  metal  pi*,  ts  and  connections  from  the  Wimshurst 
to  the  tube  should  nowhere  have  a  radius  ot  less  than  J  inch,  i.e., 
the  conductor  should  be  at  least  {  inch  in  diameter. 

I  have  found  that  a  Wimshurst  using  six  pairs  of  17-inch 
micanite  plates,  driven  at  200  r.p.m.,  would  furnish  about  all  the 
current  that  may  be  passed  through  the  tube  without  puncturing. 
This  gives  a  most  brilliant  spot  of  fluoiescent  Hght  upon  the 
screen.  While  attempting  to  drive  more  current  through  one  of 
the  tubes  it  was  punctured  when  operating  the  Wimshurst  at  a 
speed  of  about  250  r.p.m.  This  tube  will  operate  satisfactorily 
with  the  discharge  from  a  Wimshurst  having  a  single  set  of  18 
inch  plates.  The  amount  of  light  at  the  spot  seems  to  be  pro- 
portional to  the  current -discliarge  through  the  tube,  and  there- 
fore, to  the  number  and  size  of  the  plates  used  jn  the  construction 
of  the  Wimshurst. 

Mr.  Muller-Ui:ri  is  now  prepared  to  supply  these  extra  large 
'tubes  to  the  trade  at  an  export  price  of  about  $20  at  Braun- 
schweig, Germany.  The  rubber  jackets  descnbed  above  must 
be  mounted  after  the  tubes  have  been  received  from  the  makers. 
Doubtless  in  the  near  future  some  method  will  be  found  that  will 
enable  the  maker  to  mount  upon  the  tubes  a  proper  and  sufficient 
jacket  before  sending  them  out. 

I  wish  to  acknowledge  the  efficient  and  extensive  assistance 
rendered  by  Professor  J.  O.  Phelon  in  the  early  work  done  upon 
these  large  tubes,  whereby  I  was  ultimately  able  to  trace  the  real 
cause  of  the  intermittent  character  of  the  cathode  ray. 
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Discussion. 

Mr.  Dunn  : — I  wish  to  express  my  appreciation  of  the  wave- 
form tracer  that  Professor  Ryan  has  just  described,  although  I 
know  that  some  of  my  friends  here  will  say,  **  What  has  a  direct- 
current  man  to  do  with  wave-forms?  **  While  it  is  a  little  off  the 
line  of  the  discussion  perhaps  it  would  be  interesting  to  see  why 
this  form  of  wave-tracer  is  so  valuable  in  direct  current. 

The  ordinary  frequencies  of  alternating  currents  are,  say,  from 
25  to  60  cycles  per  second;  the  frequencies  of  lightning,  hundreds 
of  thousands  per  second.  The  direct-current  man's  frequencies 
are  in  the  region  between  these  and  vary  from  about  800  to  8,000 
per  second.  The  latter  frequencies  occur  in  the  complicated 
phenomena  of  commutation. 

Many  of  these  phenomena  have  yielded  to  experimental  and 
other  analyses  but  others  have  seemed  beyond  this  with  the 
methods  available,  but  a  curve-tracer  such  as  Professor  Ryan 
brings  out  will,  I  believe,  be  of  the  greatest  assistance  in  the 
study  of  the  complicated,  irregular,  high-frequency  waves  with 
which  a  direct-current  armature  is  teeming.  The  inductive 
interferences  in  direct-current  armatures  have  been  greatly 
reduced  by  the  study  of  these  waves  in  the  last  few  years;  it  is  to 
be  hoped  that  they  may  be  still  further  reduced  if  we  have  a 
wave-form  indicator  like  Professor  Ryan's  capable  of  dealing 
with  the  frequencies  involved. 

Mr.  Thomas: — I  would  like  to  ask  Professor  Ryan  how  he 
best  takes  the  records  of  these  wave-forms,  how  much  light  he 
gets  for  photographic  work,  how  long  it  takes,  and  also  whether 
it  is  possible  to  get  a  changing  phenomenon;  that  is  to  say,  a 
discharging  condenser  where  there  are  no  two  waves  alike. 

Professor  Ryan: — It  is  not  possible,  Mr.  Thomas,  to  photo- 
graph single  tracings  ?  The  light  that  is  given  off  by  either  the 
luminosity  of  the  cathode  or  the  fluorescent  screen  is  not  strong 
enough  for  that  after  being  transmitted  through  the  mica  screen 
and  the  glass  of  the  tube.  However,  for  periodic  work  it  is  easy 
to  photograph,  as  photographic  apparatus  is  usually  made  up 
with  regard  to  sensitiveness  of  the  plates  and  all  that,  with  an 
exposure  of  from  two  to  five  seconds,  depending  on  the  stren^h 
of  the  current  that  we  are  running  through  the  cathode  ray  tube, 
for  the  in vokement  of  the  ray ;  and  for  all  ordinary  inspectional 
work  a  very  convenient  method  is  simply  to  have  a  fixed  point 
of  view  for  the  eye  and  a  lightly  smoked  glass  in  front,  and  you 
can  trace  the  card  with  any  convenient  tracing  point. 

Professor  A.  F.  Ganz: — I  should  like  to  ask  Professor  Ryan 
whether  all  the  records  come  out  in  the  form  of  such  broad  bands 
as  are  shown  in  Fig.  6,  page  1423,  and  if  they  do  I  should  like  to  ask 
how  he  passes  from  these  broad  bands  to  the  well-defined  lines 
shown  in  Fig.  5. 

Professor  Ryan: — That  in  Fig.  5  was  a  tracing  on  smoked 
glass  taken  by  looking  at  the  center  of  the  line.  It  should  be 
remembered  that  Fig.  6.  in  order  to  reproduce  well,  had  to  be 
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taken  at  an  exposure  of  10  seconds,  and  that  was  on  a  130  cycle 
circuit,  c^nd  the  cathode-ray  tracer  went  around  there  1300  times. 
You  can  see  that  although  the  Une  is  somewhat  broadened 
it  repeated  itself  fairly  well ;  and  it  is  oomewhat  remarkable  that 
retracing  1300  times  did  not  give  a  broader  record  than  we  have 
there,  in  running  during  a  two  or  three  seconds  exposure, 
instead  of  ten,  tlie  hne  would  be  narrower  than  that  under 
ordinary  conditions.  The  lantern -slide  here  exhibited  was  made 
at  a  time  v.^hen  we  didn't  have  complete  facilities,  had  only  a 
small  Holz  machine  for  exciting  the  ray,  and  that  was  very  weak, 
and  the  exposure  there  had  to  be  made  for  five  minutes  instead 
of  two  or  three  seconds. 

Mr.  William  J.  Hammer: — I  would  like  to  ask  Professor 
Ryan  whether  he  has  ever  used  the  Lenard  tube  with  an  alum- 
inum window  so  as  to  bring  the  cathode  ray  outside,  which  will 
perhaps  enable  him  to  get  rid  of  any  possible  error  due  to  the 
mica  and  the  glass,  and  enable  him  to  make  a  record  directly  on 
photographic  paper  by  means  of  a  moving  picture-film.  Single 
images  could  be  readily  obtained  by  regulating  the  speed  of  the 
film.  I  have  been  doing  som.e  little  work  with  a  Lenard  tube 
recently,  and  it  occurred  to  me  that  perhaps  that  could  possibly 
be  used  in  this  apparatus,  and  I  would  like  to  know  whether 
Professor  Ryan  has  tried  it  or  whether  he  considers  that  it  would 
he  practicable. 

Professor  Ryan: — I  have  not  done  so.  That  is  a  very 
interesting  suggestion  indeed.  I  do  not  know  how  one  would 
succeed. 

Dr.  Sharp  : — I  rhink  the  facts  concerning  the  Lenard  arrange- 
ment are  these,  that  the  cathode  rays  which  are  obtained  through 
the  window  are  very  quickly  absorl)ed  by  the  atmosphere;  that 
they  do  not  go  any  considerable  distance  outside. 

Mr.  Hammer: — Mr.  Tesla  told  me  recently  of  some  experi- 
ments he  had  made  in  v»rhich  he  used  a  very  powerful  apparatus, 
and  he  spoke  of  drawing  the  rays  outside  of  the  Lenard  tube,  and 
in  a  30  seconds  exposure  losing  all  the  nails  on  one  hand,  and  he 
spoke  of  being  able  to  carry  the  stream  a  considerable  distance, 
even  stating  that  with  a  specially  designed  tul)e  for  very  higli 
voltages  he  could  kill  a  man  a  mile  off.  So  it  would  depend 
lar<:cly  on  the  character  of  the  apparatus  which  produced  the 
cat  node  stream;  I  have  myself  succeeded  in  bringing  it  out  a 
fartlier  distance  than  you  have  referred  to. 

?Ir.  Fisher: — I  am  very  much  interested  in  this  apparatus 
and  would  like  to  ask  Professor  Ryan  whether  this  apparatus 
can  be  produced  complete  so  that  the  manufacturer  can  take  it 
and  use  it  immediately.  The  manufacturer  does  not  want  to 
adjust  his  self-induction  and  capacity  to  get  an  exact  sine  wave. 
Professor  Ryan: — In  reply  to  that,  tlie  apparatus  as  shown 
in  tlie  diagram  on  page  4  for  the  securance  of  a  sine  wave  known 
motion  of  the  ray  is  that  which  you  have  in  any  testing  laboratory 
and  is  so  e?-sily  set  up  that  I  scarcely  think  any  one  would  care 
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very  much  to  buy  ah  especially  produced  outfit,  because  that 
same  apparatus  at  other  times  miglit  be  used  for  other  purposes. 
It  is  easily  put  together  and  the  sine  wave  invoked.  It  has 
always  occiured  to  me  in  that  way.  I  use  the  same  apparatus 
on  another  day  for  other  things. 

Professor  Langsdokf:— It  is  interesting  to  note  in  Fig.  4. 
on  page  1420,  that  the  means  for  obtaining  the  sine  wave  consists  of 
two  choke-coils  in  series  and  a  condenser  connected  across  from 
the  middle  point  of  these  two  to  the  other  side  of  the  line.  If  the 
two  choke-coils  have  equal  inductances,  and  if  the  capacity 
reactance  of  the  condenser  is  numerically  equal  to  that  induct- 
ance, we  have  the  constant  potential  constant  current  trans- 
jormer  system. 

About  two  years  ago,  at  Professor  Ryan's  suggestion,  I  made 
some  calculations  to  determine  whether  there  was  any  special 
relation  between  the  values  of  L',  L"  and  C,  which  would  produce 
a  maximum  damping  out  of  the  harmonics.  This  was  done  by 
the  use  of  the  complex  imaginary  quantity;  it  developed  that 
there  was  no  special  condition  of  maximum  damping,  but  that  by 
changing  the  relations  between  these  quantities  a  definite 
amount  of  damping  could  be  obtained. 

Professor  Goldsborough: — I  feel  very  strongly  that  the 
Institute  owes  Professor  Ryan  a  very  hearty  vote  of  thanks 
for  the  paper  which  he  has  given  us  to-day.  Professor  Ryan 
has  given  us  an  instrument  which  is,  I  believe,  far  superior 
to  any  other  curve-tracing  instrument  that  has  thus  far  been 
brought  forward.  It  is  free  from  a  great  many  of  the  drawbacks 
of  other  instruments  and  it  has  few  parts  that  will  get  out  ot 
order.  There  are  no  commutating  contacts,  and  no  clockwork 
mechanisms  or  other  special  means  required  for  determining  the 
rate  of  travel  mechanically  of  parts  of  the  apparatus.  I  am 
quite  sure  that  in  connection  with  the  long-distance  transmission 
of  power,  as  well  as  in  the  field  of  telephony,  there  are  a  wonder- 
fully large  number  of  problems  which  it  has  been  absolutely 
impossible  for  us  to  study  properly  for  the  want  of  just  such  an 
instrument  as  Professor  Ryan  has  given  us;  and  for  him  to  have 
brought  this  down  to?  an  instrument  which  can  be  used  com- 
mercially, not  a  physical  laboratory  instrument  at  all,  is  to  my 
mind  a  wonderful  achievement  on  his  part.  We  probably  know 
very  little  of  the  energy  and  time  and  life  that  Professor  Ryan 
*;.,.«  put  into  the  development  of  this  instrument,  and  I  am  very 
much  inclined  to  believe  that  the  reason  we  have  not  heard  more 
from  Professor  Ryan  in  the  last  few  years  than  we  have,  is 
because  he  has  been  building  up  and  preparing  something  ^or  us 
that  is  extremely  good.  It  gives  me,  therefore,  great  pleasure 
to  offer  this  resolution. 

Resolved,  That  a  vote  of  thanks  of  the  Institute  be  tendered 
to  Professor  Ryan  for  the  magnificent  wave-tracing  instrument 
which  he  has  devised  and  which  he  now  presents  to  the  electrical 
fraternity. 
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Dr.  Kennelly:^— I  second  the  motion,  Mr.  President. 

Prp^ident  Scott: — You  have  heard  the  motion,  that  we 
express  the  appreciation  of  the  Institute  for  what  Professor 
Ryan  has  already  done.  I  think,  however,  we  need  not  regard 
this  paper  as  completing  the  subject,  as  it  gives  great  promise 
for  the  future  by  presenting  a  new  instrument  for  research. 

(The  motion  was  carried.) 

President  Scott: — Professor  Ryan,  you  have  our  sincere 
thanks  and  appreciation. 
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SOME  NOTES  ON  CERTAIN  UNDERGROUND  HOISTING 
PROBLEMS  ON  THE  WITWATERSRAND. 


BY  A.  W.  K.   PEIRCB. 


Gold  mining  on  the  Witwatersrand  consists  chiefly  of  the 
exploitation  of  the  **  Main  Reef  Series/*  a  bed  of  gold-bearing 
conglomerate  with  an  east  and  west  strike,  and  dipping  to  the 
south  at  a  fairiy  uniform  angle  in  the  neighborhood  of  30°.  For 
an  extent  along  the  strike  of  some  50  miles  this  reef  series  has 
been  proved  to  be  gold-bearing,  and  the  continuity  of  the  de- 
posit has  been  proved  by  actual  mining  and  by  bore  holes  to 
such  a  depth  on  the  dip  that  mining  ground  is  held  at  a  high 
valuation  even  where  the  ultimate  mining  depth  cannot  be  less 
than  8,000  feet  (vertical)  or  even  more.* 

The  permanence  and  the  uniformity  of  average  dimensions  and 
values  of  these  gold-bearing  conglomerates  make  the  mining  in 
this  area  partake  more  of  the  nature  of  an  industrial  enterprise 
than  is  usually  considered  app  opriate  to  mining  ventures. 
This  justifies  the  great  attention  that  is  paid  to  the  engineering 
features  of  the  work,  and  the  large  sums  spent  on  the  necessary 
mechanical  equipment  for  the  rapid  and  economical  mining  and 
reduction  of  the  ore  on  a  large  scale. 

According  to  the  Transvaal  mining  laws,  only  the  ore  bod y 
contained  vertically  be::  :ath  the  surface  claim  area  can  be  mined 
by  any  given  mining  company.  In  order  to  exploit  the  ore  con- 
tents of  a  mine  situated  at  a  distance  from  the  outcrop,  it  is  the 
practice,  therefore,  to  sink  one  or  more  vertical  shafts  near  the 

♦Sec  "  An  Estimate  of  the  Gold  Production  and  Life  of  the  Main 
Reef  Series.  Witwatersrand,  Down  to  6.000  Feet."  By  Messrs.  T.  H 
Leggett  and  F.  H.  Hatch.  Transactions  Institute  of  Mining  and 
Metallurgy.     Vol.  X  (1901-2). 
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northern  boundar\'  of  the  property,  to  the  intersection  of  the 
reef.  This  is  then  opened  up  by  horizontal  drives  in  the  direction 
of  the  strike,  and  incHnes  along  the  dip;  the  principal  inclines, 
in  the  most  cases,  being  extensions  of  the  vertical  shafts.  The 
ground  thus  opened  up  is  stopped  as  required  for  the  reduction 
plant,  the  development  being  kept  ahead  of  these  requirements 
sufficiently  to  permit  of  keeping  up  average  values  of  the  output, 
in  spite  of  local  variations  in  the  gold  contents  of  the  ore  body ; 
and  this  process  is  continued  until  the  payable  ore  body  in  the 
claim  area  is  exhausted. 

Where  these  vertical  shafts  are  of  moderate  depth,  the  hoisting 
in  both  vertical  and  incline  shafts  is  done  by  steam  winders 
located  on  the  surface,  the  vertical  shaft  being  turned  through  a 
circular  or  parabolic  curve  into  the  incline.  At  greater  depths, 
separate  winders  are  used  for  the  two  sections  (vertical  and 
inchne),  bui  both  located  on  the  surface,  the  ropes  for  the  incline 
hoists  being  led  down  the  vertical  compartments  near  one  side, 
and  suitably  guided  into  the  incline,  the  ore  being  transferred 
from  one  hoist  to  the  other  at  the  intersection  of  the  two  shafts. 

Further  extensions  of  the  **  Deep  Levels  "  involve  vertical 
shafts  of  3,500  to  5.000  feei  to  the  intersection  of  the  reef,  with 
inclines  from  this  point  of  3,000  to  6,000  or  more  feet  in  length ; 
and  in  planning  the  development  and  equipment  of  these  new 
properties,  it  is  evident  that  persent  hoisting  methods  must  be 
considerably  modified.  A  recent  paper  by  Mr.  H.  C.  Behr*  ver>' 
abiy  presented  the  various  features  of  this  hoisting  problem,  and 
in  this  paper  and  the  ensuing  discussion  will  be  found  a  ver\' 
complete  treatment  of  the  matter  from  several  points  of  view. 

The  concensus  of  opinion  amongst  South  African  engineers 
seems  to  be  that  these  "  Deep  Levels  "  will  be  operated  on  an 
even  larger  scale  than  has  obtained  previously,  the  output 
planned  for  being  2,000  to  3,000  tons  per  mine  per  day ;  and  that 
the  greatest  attention  will  be  given  to  the  economies  that  may  be 
effected  in  working  costs  by  the  use  of  machinery,  and  in  eco- 
nomic methods  of  operating  the  same.  The  advantages  of  elec- 
tric power  distribution  are  well  recognized,  and  this  method  will 
be  extensively  adopted  for  what  may  be  termed  auxiliary  power 
requirements.  This  is  not  an  inconsiderable  amount;  it  may  be 
from  500  to  1,500  k.w.  per  mine,  for  surface  requirements  only. 

*  "  Winding  Plants  for  Great  Depths."  Read  before  the  Institution 
of  Mining  and  Metallurgy  in  London.  May  15th,  1<)()2.  and  before  the 
South  African  Association  of  Engineers,  in  Johannesburg,  August,  1902. 
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The  underground  workings  will  be  arranged  with  a  view  to 
rapid  removal  of  the  ore  contents,  and  it  is  probable  that  several 
incline  shafts,  operated  by  independent  winding  engines  located 
underground,  will  be  used  to  feed  each  single  large  vertical  shaft, 
the  latter  having  several  pairs  of  hoisting  compartments,  and 
possibly  arranged  for  hoisting  in  stages.  In  any  case,  there  will 
exist  within  the  next  few  years  a  demand  for  hoisting  engines  of 
considerable  size,  to  be  located  underground  in  a  dozen  or  more 
of  the  **  Deep  Level  "  mines,  and  with  from  three  to  six  hoists 
per  mine. 

As  in  several  cases  a  number  of  these  mines  in  the  same  neigh- 
borhood are  controlled  by  the  same  financial  interests,  and  will 
require  their  equipment  at  approximately  the  same  period  of 
time,  it  is  perfectly  feasible  to  consider  the  supply  to  such  a 
group  of  mines  of  their  electric  power  requirements  from  a  single 
central  power  station;  and  if  these  requirements  are  to  include 
the  underground  hoists  I  have  mentioned,  it  may  be  of  interest  to 
mention  in  a  general  wa>'  some  of  the  conditions  of  the  problem 
thus  presented,  and  some  of  the  conclusions  that  have  been 
drawn  therefrom. 

In  the  first  place:  The  principal  power  requirements  of  the 
mine  equipment  and  the  area  over  which  the  power  is  to  be  dis- 
tributed (this  being  several  square  miles,  with  an  added  distance 
of  in  the  neighborhood  of  a  mile  for  each  transmission  to  any 
underground  installation)  practically  determine  the  use  of  a 
polyphase  system  at  a  moderately  high  voltage,  especially  as  the 
ratio  of  copper  cost  to  power  cost  is  about  twice  as  great  in  the 
Transvaal  as  in  most  countries,  thus  rendering  the  use  of  small 
line  losses  desirable. 

However,  I  think  it  is  generally  conceded  that,  for  hoisting 
work  on  the  scale  indicated,  direct  current  motors  are  more 
suitable  than  alternating.  Their  use  in  this  instance,  therefore, 
involves  apparatus  for  converting  the  polyphase  supply  into 
direct  current. 

In  spite  of  the  losses  and  extra  first  cost  involved  in  this  con- 
version, it  presents  many  important  advantages  in  connection 
with  the  control  system  and  the  central  station  supply,  as  I  shall 
endeavor  to  show. 

First,  however,  as  to  the  nature  of  the  power  demand  of  such 
hoists  as  will  be  required. 

The  hoists  will  be  of  the  double  drum  type,  with  clutches  for 
each  drum ;  and  while  they  will  be  operated  normally  in  balance, 
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they  must  be  capable  of  bringing  up  a  fully  loaded  skip  from  the 
bottom  with  the  other  drum  unclutched,  i.e.,  without  the  bal- 
ancing effect  of  the  empty  skip  and  its  rope. 

While  for  each  particular  installation  the  size  of  the  hoists 
must  be  separately  determined  to  suit  varying  local  require- 
ments with  regard  to  degree  of  inclination,  load  to  be  hoisted, 
length  of  haul,  etc.,  the  following  may  be  taken  as  representing 
the  approximate  limits,  between  which  particular  values  will  be 
taken  to  suit  conditions: 

Load  of  ore  5,500  to  8,000  lbs. 

Hoisting  speed  2,000  to  3,000  feet  per  miiiute. 

Degree  of  inclination  25°  to  45°. 

A  hoist  to  suit  what  may  be  taken  as  average  conditions  would 
demand  some  400  k.w.  at  the  end  of  the  acceleration  period. 

The  hoists  would  be  installed  for  an  ultimate  hoisting  distance 
of  perhaps  3,500  feet  along  the  incline  (any  longer  inclines  beinj 
equipped  for  hoisting  in  stages),  but  would  only  have  some  300 
feet  or  so  to  haul  when  first  installed.  As  the  incline  would  be 
continued  at  the  rate  of  about  100  feet  per  month,  in  about  two 
and  a  half  years  the  hoist  would  be  working  at  its  full  capacity, 
and  during  most  of  this  time  would  be  operating  under  maximum 
conditions  of  load,  the  variables  being  the  frequency  and  the 
duration  of  the  trips,  and  possibly  maximum  speed  if  the  control 
scheme  be  suitable. 

Considering  an  individual  normal  trip,  it  is  evident  that  tlie 
maximum  torque  required  from  the  hoist  motor  occurs  at  the 
time  of  starting  the  loaded  skip  on  its  upward  journey ;  for  the 
acceleration  is  a  maximum,  the  moment  and  friction  of  the 
ascending  rope  is  also  a  maximum,  and  the  balancing  effect  of  the 
rope  on  the  descending  skip  is  a  minimum.  On  completion  of 
the  acceleration  period  the  effective  torque  still  continues  ta 
decrease  during  the  remainder  of  the  trip,  by  reason  of  the  wind- 
ing up  of  the  rope  on  the  ascending  skip  and  the  corresponding 
unwinding  of  the  rope  on  the  descending  skip. 

The  design  of  the  hoist  should  not  be  such  that  this  torque 
would  become  negative  before  the  completion  of  the  trip,  as  this 
would  require  the  application  of  the  brakes  at  this  point  to 
destroy  all  the  inertia  of  the  moving  masses.  It  is  obvious  that 
this  inertia  should  be  utihzed  as  far  as  possible  to  complete  the 
last  part  of  the  trip,  the  bralces  only  being  used  to  effect  the  final 
landing  of  the  skip. 

While  similar  in  kind,  the  mechanics  of  this  problem  are  quite 
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different  in  degree  to  those  of  operating  elevated  railway  trains, 
the  relative  value  of  the  kinetic  energy  of  the  moving  masses  and 
the  work  done  against  friction  and  gravity  being  quite  different 
in  the  two  cases.  Thus,  with  the  limitations  to  hoisting  speed 
imposed  by  practice,  a  considerable  part  of  the  trip  must  be 
made  with  power  after  the  acceleration  is  completed,  and  the 
"  coasting  "  period  only  exists  for  the  few  seconds  required  to 
bring  the  moving  masses  to  a  standstill. 

In  considering  the  demand  on  the  generating  plant  occasioned 
by  such  a  trip,  the  form  of  the  acceleration  curve  to  be  adopted 
is  of  importance. 

Obviously  if  the  available  acceleration  moment  is  fixed,  main- 
taining the  moment  at  a  constant  (maximum)  value  throughout 
the  acceleration  period  gives  a  minimum  duration  of  that  period ; 
but,  as  pointed  out  by  Mr.  Behr  in  the  paper  i)reviosuly  referred 
to,  an  acceleration  sliowing  a  constant  decrease  from  the  same 
maximum  value  to  zero  will  give  the  same  ultimate  velocity  in  a 
certain  space,  and  requires  only  5  per  cent,  greater  time  than  is 
needed  to  cover  the  same  space  with  the  sa*ne  maximum  velocity 
using  an  acceleration  maintained  constant  at  the  maximum  value. 

The  maximiun  power  actually  demanded  by  the  hoist  motor 
during  a  given  trip  depends  upon  the  form  of  the  acceleration 
curve,  and  is  materially  greater  with  constant  acceleration  than 
with  constantly  decreasing  acceleration.  The  power  demand 
being  proportional  to  the  product  of  the  total  torque  and  the 
speed  at  any  instant  during  the  period,  it  is  evident  that  as 
the  constant  acceleration  maintains  the  initial  maximum  torque 
until  the  maximum  speed  is  reached,  the  power  demand  con- 
tinually increases  during  the  acceleration  period,  and  at  its  end  is 
a  maximum.  With  a  constantly  decreasing  acceleration,  how- 
ever, the  maximum  torque  only  occurs  at  minimum  speed,  and 
at  maximum  speed  the  acceleration  torque  is  zero  tlierefore  the 
maximvmi  power  demand  occurs  at  some  instant  between  these 
two  points,  and  is  but  little  greater  than  the  power  demand  at  full 
speed  after  acceleration  ceases,  which  is  that  required  for  over- 
coming the  effects  of  friction  and  gravity  only.  The  actual 
amount  of  the  work  done  is  of  course  practically  the  same  in 
either  case. 

It  is  evident  that  the  constantly  decreasing  acceleration  is 
much  more  favorable  to  the  central  station,  in  that  it  gives  a 
better  load  factor,  less  fluctuation  in  the  power  demand,  and 
requires  less  investment  in  generating  plant,  provided  the  method 
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of  control  is  such  that  the  power  demand  f  ro  n  the  source  of 
power  is  proportional  to  the  actual  power  demanded  by  the 
hoist  motor. 

The  control  system  is  thus  the  important  factor  in  attempting 
to  realize  these  advantages,  as  the  decreasing  acceleration  is  more 
normal  for  electric  motor  operation  than  the  other;  and  for  this 
purpose  I  know  of  no  other  method  of  control  that  is  workable 
than  some  form  of  "  voltage  control  "  or  "  Leonard  "  system. 
Involving  as  this  does  some  separate  dynamo  machinery  for  each 
motor  installation,  the  advantage  in  control  method  previously 
referred  to  in  connection  with  the  conversion  from  the  assumed 
polyphase  distribution  to  direct  current  becomes  apparent,  in 
that  this  converter  machinery  may  be  utilized  in  one  of  a  number 
of  obvious  ways  to  furnish  the  **  voltage  control  "  of  the  hoists. 

This  machinery  also  helps  out  the  central  station  in  another 
way,  in  that  the  inertia  of  its  moving  parts  further  smooths  out 
the  peaks  in  the  demand  curve  during  each  trip ;  this  effect  may 
even  be  increased  by  the  deliberate  addition  of  inertia  to  the 
converter  set  in  the  form  of  a  fly  wheel,  as  has  been  proposed  by 
several  Continental  engineers  that  have  investigated  this  prob.- 
lem.* 

The  "  voltage  control  "  also  possesses  incidental  advantages. 
The  necessary  slow  speed  inspection  trips  in  the  shaft  may  be 
readily  made;  during  the  first  year  or  so  of  operation,  the  con- 
troller can  readily  be  provided  with  adjustable  stops  limiting 
the  maximum  speed  (consequently  the  maximum  power  demand) 
to  whatever  amount  will  give  the  desired  output,  and  thus  again 
improve  the  central  station  load  factor;  the  controller  need  not 
handle  the  very  considerable  main  current  of  the  motors,  thus 
eliminating  a  source  of  considerable  first  cost,  and  also  mainte- 
nance cost;  given  positions  of  the  controller  handle  result  in 
nearly  enough  given  speeds,  irrespective  of  loads.  These  char- 
acteristics are  so  well  known  that  it  is  perhaps  superfluous  to 
mention  them  here ;  I  only  wish  to  indicate  that  in  almost  every 
particular  this  problem  is  best  met  by  this  control  sche:Tie,  which 
favorably  affects  both  the  source  of  the  power  and  its  utilization. 

I  have  only  stated  the  conditions  in  a  general  way,  without 
particular  data  as  to  details,  for  much  of  the  data  has  not  yet 
been  definitely  determined,  and  would  necessarily  vary  with  the 
different  local  conditions  of  different  mines.     I   trust  that  in 

*  See  "  Electric  Winding  Problems,'.'  by  Mr.  H.  Spengel,  Transactions 
South  African  Association  of  Engineers,  1902. 
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Spite  of  this,  I  have  justified  to  some  extent  the  conclusion  that 
for  this  important  hoisting  work,  the  best  method  is  the  com- 
bination of  polyphase  transmission,  conversion  to  direct  currents 
separately  for  each  hoist  unit,  and  the  utilization  of  the  con- 
version machinery  for  obtaining  suitable  control  of  the  hoisting 
operations  by  the  "  voltage  control  *'  or  "  Leonard  "  system. 


President  Scott: — I  had  the  pleasure  of  meeting  Mr.  Peirce 
when  he  was  in  America  a  few  years  ago,  and  it  is  unfortunate 
that  we  have  not  time  for  discussion  of  the  paper  at  present,  as 
it  is  certainlv  a  valuable  contribution. 


Friday— July  3,  1903. 

President  Scott: — The  meeting  this  morning  is  a  joint 
meeting  of  the  American  Institute  of  Electrical  Engineers 
and  the  Society  for  the  Promotion  of  Engineering  Education. 
Professor  Woodward,  of  Washington  University,  St.  Louis,  the 
President  of  the  other  Society,  is  on  the  platform,  and  I  take 
pleasure  in  presenting  him  to  the  Institute. 

Part  of  the  papers  are  contributed  this  morning  by  members 
of  the  Institute  and  part  by  members  of  the  Society. 


A  paper  presenUd  at  the  2Xkh  Annual  Convention 
of  the  American  Institute  of  Electrical  Engi- 
neers,  Niagara  FaUs  N.  K..  July  3.  1903. 


THE  TEACHING  OF  PHYSICS  TO  ENGINEERING 
STUDENTS. 


BY  W.  S.  FRANKLIN. 

I  have  been  teaching  physics  to  college  and  university  students 
for  nineteen  years  and  I  now  have  a  few  ideas  on  the  subject 
which  can,  I  think,  be  expressed  independently  of  the  subject- 
matter  and  which  may  be  helpful  to  others. 

Some  time  ago,  in  talking  with  a  practical  engineer  on  the 
teaching  of  physics,  I  stated  that  in  my  opinion  the  ultimate 
object  of  the  teaching  of  physics  to  technical  students  is  to  lead 
the  young  man  by  a  shortened  route  to  that  familiarity  with 
physical  things  which  is  possessed  by  such  a  man  as  John  Fritz. 
The  shortening  of  the  route  which  leads  to  this  result  depends 
upon  the  fact  that  the  teacher  of  physics  has  to  do  largely  with 
an  epitome  of  real  knowledge,  and  consequently  the  primary 
object  of  physics  teaching  is,  in  my  opinion,  to  develop  in  the 
young  man's  mind  a  logical  structure  consisting  of  the  aggregate 
of  physical  conceptions  and  theories. 

Since  beginning  the  teaching  of  physics,  I  have  never  devoted 
any  of  the  time  of  my  classes  to  the  discussion  of  the  history  of 
the  subject.  The  best  way  to  study  an  organic  structure  is  to 
study  its  history,  through  the  medium,  say,  of  embryology,  but 
this  is  the  worst  possible  way  to  study  a  logical  structure. 

I  have  never  on  any  occasion  apostrophized  the  WonSers  of 
Nature  to  any  class  of  mine.  The  ability  to  measure  electricity 
and  the  ability  to  calculate  magnetism  are  really  very  simple 
and  prosaic  things,  and  any  writer  or  teacher  who  for  a  moment 
allows  himself  to  speak  of  these  things  otherwise  than  in  explana- 
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tion  or  in  application,  may  be  set  down  at  once  as  attempting  to 
lend  an  element  of  mystery  to  knowledge  he  claims  to  possess.  It 
seems  to  me  a  very  significant  fact  that  in  most  of  the  cases  that 
have  come  to  my  notice,  the  appeal  on  the  part  of  a  scientific 
writer  to  the  reader's  wonder-sentiment  has  been  associated 
with  very  hazy,  or  entirely  faulty,  notions  on  the  writer's  part. 
I  know  of  a  text-book  on  physics  which  introduces  the  discussion 
of  the  doctrine  of  the  dissipation  of  energy  in  the  chapters  on 
Mechanics :  this  text-book  actually  would  have  it  appear  that  the 
degradation  of  energy  is  essentially  the  change  from  the  potential 
to  the  kinetic  form,  and  the  whole  discussion  ends  as  follows: 
**  Tait  calls  available  energy  Entropy.  The  inevitable  conclusion 
is  that  entropy  tends  toward  a  value  of  zero.  In  the  beginning, 
then,  points  to  a  period  when  all  energy  was  available.  With  no 
less  certainty,  physical  science  points  to  a  time  when  entropy 
shall  become  zero.  All  the  processes  of  nature  must  then  cease. 
Even  the  earth  itself,  as  lifeless  as  the  moon,  can  no  longer  circle 
round  the  glowing  sun,  but  both  and  all  together,  in  one  dead 
mass,  must  hang  in  everlasting  silence  in  the  boundless  night  of 
space.*'  Now,  what  I  want  you  to  keep  in  mind,  is  that  this 
wonderful  view  adown  the  corridors  of  Time  is  ostensibly  based, 
in  the  book  in  question,  upon  a  succession  of  egregious  blunder?. 
I  never  have  allowed  the  slightest  speculative  tendency  to 
enter  into  any  of  my  teaching,  oral  or  written,  and  the  extent  to 
which  many  of  our  elementary  text-books  in  physics  indulge  in 
imaginative  nonsense  and  in  weak  phases  of  speculative  philoso- 
phy is  distressing  to  me.  Nearly  every  text-book  on  physics 
that  I  know  of  defines  the  mass  of  a  body  as  "the  quantity  of 
matter  the  body  contains."  I  had  the  pleasure  thirteen  years 
ago  of  listening  to  a  course  of  lectures  by  von  Helmholtz  on 
theoretical  physics,  and  the  first  eight  weeks  or  more  of  this 
course  was  devoted  to  the  origin  and  meaning  of  our  quantitative 
methods  in  physics.  I  thought  at  the  time  that  von  Helmholtz's 
statements  were  so  simple  and  so  apparently  remote  from  the 
usual  complications  of  physics  that  most  of  his  hearers  were 
likely  not  to  appreciate  what  he  said.  Those  lectures,  however, 
stand  in  my  mind  as  the  most  complete  outline  of  the  philosophy 
of  the  mathematical  sciences  ever  given.  All  our  notions  of 
length  and  angle  arise  from  and  are  defined  by  the  fundamental 
geometric  operation  of  congruence.  The  definition  of  mass,  like- 
wise, is  a  physical  operation,  the  verbal  definition  is  the  briefest 
possible  specification  of  this  operation.  The  result  of  this  opera- 
tion on  a  given  body  is  an  invariant  number,  and  by  a  feat  of  the 
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imagination  we  are  led  to  adopt  this  number  as  a  measure  of  the 
'*  amount  of  matter  the  body  contains."  This  is  a  notion  of 
some  mental  utility  although  strictly  it  is  mere  imaginative 
nonsense.  Several  years  ago  I  had  occasion  to  review  a  well- 
known  French  book  on  **  Electrical  Measurements,"  the  authors 
of  which  say  **  Une  grandeur  est  une  quantity  susceptible 
d'augmentation  ou  de  diminution.  Une  grandeur  est  dite 
mesurable  quand  on  peut  la  comparer  k  une  grandeur  de  m^me 
espece  et  qut  la  r^ultat  de  la  comparison  donne  h  notre  esprit 
une  satisfaction  complete." 

As  an  example  of  weak  speculation,  what  do  you  think  of  the 
use  in  a  secondary  school  book  on  physics  of  the  following  quota- 
tion from  Maxwell  as  a  means  to  clear  up  an  inadequate  discus- 
sion of  energy?  **We  are  acquainted  with  matter  only  as  that 
which  may  have  energy  imparted  to  it  from  other  matter,  and 
which  may  in  its  turn  communicate  its  energy  to  other  matter. 
Energy,  on  the  other  hand,  we  know  only  as  that  which  in  all 
natural  phenomena  is  continually  passing  from  one  portion  of 
matter  to  another."  What  do  you  think  of  the  following  from  an 
elementary  English  text-book  on  physics?  *'  The  fundamental 
property  of  matter,  which  distinguishes  it  from  the  only  other 
real  thing  in  the  universe,  is  inertia.  *  *  *  We  are  now  in  a 
position  to  give  one  or  two  provisional  definitions  of  matter — 
provisional  because  we  cannot  yet  say,  possibly  may  never  be 
able  to  say,  what  matter  really  is.  It  may  be  defined  in  terms 
of  any  of  its  distinctive  characteristics.  We  may  say  that 
matter  is  that  which  possesses  inertia,  or  again  since  we  have  no 
knowledge  of  energy  except  in  association  with  matter,  we  may 
assert  that  matter  is  the  Vehicle  of  Energy."  I  wonder  if  any 
of  you  really  doubt  that  every  notion  in  physics,  definite  or 
indefinite,  is  associated  with  and  derived  from  a  physical  opera- 
tion, and  that  absolutely  the  only  way  to  teach  physics  to  young 
men  is  to  direct  their  attention  to  that  marveUms  series  of  deter- 
mining operations  which  bring  to  light  those  one-to-one-corres- 
pondences which  constitute  tlie  abstract  facts  of  physical  science. 
If  you  do  doubt  this.  I  am  bound  to  say  that  I  do  not  think  much 
of  your  knowledge  of  physics.  I  think  that  the  sickhest  notion 
of  physics,  even  if  a  student  gets  it,  is  that  it  is  the  "  science  of 
masses,  molecules  and  the  ether."  And  I  think  that  the  healthi- 
est notion,  even  if  a  student  does  not  wholly  get  it,  is  that  physics 
is  the  science  of  the  ways  of  taking  hold  of  bodies  and  pushing 
them ;  that  it  is  the  aggregate  of  all  things  that  can  be  "  by  hand- 
ling' known." 
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In  my  opinion,  the  characteristic  feature  of  science  study, 
especially  of  the  study  of  physical  science,  is  a  determining 
objective  constraint  upon  the  processes  of  the  mind.  I  am  surprised 
that  this  one  important  feature  of  science  study  is  never  men- 
tioned in  the  many  estimates  that  have  been  made  of  the  value 
of  science  study  in  education,  for  as  a  matter  of  fact,  that 
complete  definiteness  which  is  usually  urged  as  the  characteristic 
and  valuable  feature  of  science  study  is  the  fundamental  condi- 
tion of  every  psychological  process,  you  say  this  or  you  say  that, 
you  go  or  you  do  not  go,  and  even  the  classic  mule  standing 
midway  between  two  similar  loads  of  hay  is  in  no  danger  of 
starving  from  indetermination.  The  psychological  processes 
which  are  brought  into  play  in  the  study  of  science  do  not  differ 
from  other  psychological  processes  in  regard  to  definiteness. 

I  say  again  that  it  is  the  completeness  of  objective  constraint 
that  chiefly  differentiates  the  study  of  the  physical  sciences  from 
all  other  studies  and  which  makes  the  study  of  the  physical 
sciences  so  important  an  element  in  any  correct  scheme  of  edu- 
cation. The  importance  of  this  objective  constraint  upon  the 
mental  processes  in  scientific  work  is  most  strikingly  shown  by 
the  entire  absence  of  any  such  constraint  in  all  of  our  crank 
scientific  literature.  I  think  that  the  full  realization  of  this 
objective  constraint  in  the  teaching  of  physics  depends  first  of 
all  upon  the  making  of  one's  teaching  utterly  and  absolutely 
simple  and  homely,  a;tci  dcimd  of  all  appeal  to  anything  but  the 
rigors  of  the  scientific  imagination.  Anything  beyond  this  is,  in 
my  opinion,  idolatr}'. 

I  think  that  the  ability  to  learn  science  by  reading  is  a  highly 
specialized  faculty  and  that  among  average  young  men  this 
faculty  is  nearly  zero.  I  know  many  men  who  are  quick  to 
receive  knowledge  by  experience,  and  quick  to  catch,  from  verbal 
description,  manifold  variations  of  their  empirical  knowledge, 
but  whose  imagination  is  wholly  unresponsive  to  that  abstract 
kind  of  writing  which  is  so  necessary  in  a  concise  treatise  on  the 
elements  of  physics. 

Nevertheless,  I  think  that  the  development  of  the  student's 
imagination  to  the  extent  that  is  necessary  to  enable  him  to  fol- 
low concise  writing  is  one  of  the  chief  objects  in  the  teaching  of 
physics,  and  I  do  not  believe  that  this  result  can  be  accomplished 
without  requiring  the  student  to  use  a  text-book  of  the  severest 
kind. 

My  idea  of  the  teaching  of  pliysics  is  to  use  a  sharply,  clearly 
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and  concisely  written  text-book,  to  give  explanatory  lectures  of 
such  character  as  to  appeal  properly  to  the  student's  imagina- 
tion {theoretical  lectures,  in  fact,  illustrated  by  the  simplest  kind 
of  experiments),  to  require  of  the  student  a  large  amount  of 
numerical  calculation,  and  to  give  a  laboratoiy  course  based 
upon  highly  generalized  printed  directions  supplemented  by  a 
vanishing  series  of  verbal  suggestions  from  an  instructor. 

I  think  that  the  chief  object  in  a  course  in  physics  for  technical 
students  should  be  to  give  conceptual  and  analytical  knowledge 
of  the  most  important  facts  of  physics.  It  is  certainly  better  to 
know  a  little  by  reason,  than  much  by  rote.  There  is  nothing 
in  the  teacliing  of  physics  so  important  as  to  develop  in  the 
student  the  ability  to  express  physical  conditions  in  mathemati- 
cal form,  geometrical  or  algebraic  as  the  case  may  be,  to  repro- 
duce or  re-present  the  conditions  of  a  problem  adequately  as  a 
geoiretrical  construction  or  as  an  algebraic  formula.  Nothing,  I 
think,  is  so  important  as  this  for  technical  students.  It  is  the 
very  essence  of  effective  knowledge  of  physics,  and  every  bit  of 
attempted  instruction  in  physics  which  does  not  contribute 
directly  or  indirectly  to  facility  in  this  re-presentation  of  physical 
fact  in  tem:s  of  our  mental  tools  is  in  my  opinion  futile. 

Many  students,  and  even  teachers  of  physics  raise  the  objection 
that  a  rigorous  mathematical  presentation  of  physics  is  highly 
unsatisfactory  and  uninstructive.  They  like  such  a  book  as  the 
excellent  new  book  of  Edser's  on  Light  which  abounds  in  descrip- 
tions of  phenomena  and  of  the  most  recent  researches  on  light 
pressure  and  the  cause  of  comet's  tails.  Now,  I  am  really  inter- 
ested myself  in  comet's  tails,  but  I  would  feel  like  thrashing  a 
young  student  who  concerned  himself  about  comets'  taHs  but 
held  his  imagination  unresponsive  to  a  discussion  of  stationary 
wave  trains  and  of  reflection  with  and  without  change  of  phase. 
I  have  a  contempt  for  a  student  who  thinks  he  understands  the 
formation  of  a  comet's  tail  but  admits  that  such  things  as  the 
kinematics  of  wave  motion  are  beyond  him.  I  recommend  such 
a  student  to  be  honest  with  himself  and  study  physics  under  the 
instruction  of  Jules  Verne.  Then  he  need  not  trouble  himself 
about  foundations,  but  he  may  follow  his  teacher  pleasantly  on  a 
careless  trip  to  the  moon  and  with  easy  improvidence  embark 
on  a  voyage  of  ten  thousand  leagues  under  the  sea. 

In  my  teaching  of  physics  I  have  come  to  distinguish  two  dis- 
tinct phases  of  laboratory  work.  One  phase  is  that  which  is 
intended  primarily  to  vivify  algebraic  formulas  -I  think  it  is  silly 
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to  talk  of  the  verification  of  Nature's  Laws(!)  by  a  student — and 
the  other  phase  of  laboratory  work  consists  of  elaborate  and 
precise  measurements  carried  out  with  ever}''  possible  precaution 
for  the  elimination  of  error. 

I  take  pleasure  in  distributing  to  the  Institute  members  here 
present  a  small  pamphlet  which  I  have  had  printed  for  this 
occasion  as  an  illustration  of  the  vivifying  phase  of  laboratory- 
work.  The  eight  experiments  described  in  this  pamphlet  apply 
to  the  direct  current  dynamo,  and  I  think  that  every  technical 
student  who  studies  physics  to  any  extent  should  perform  these 
experiments  just  to  see  the  equations  of  the  dynamo  become 
alive.  No  one  really  knows  much  physics  who  is  not  able  to 
look  at  an  equation  and  see  the  manifold  activities  which  the 
equation  is  intended  to  represent. 


1903.]  DISCUSSION  AT  NIAGARA  FALLS.  567 

Discussion. 

President  Scott: — The  paper  of  Professor  Franklin,  which 
presents  the  subject  of  teaching  physics  in  a  manner  that  is  cer- 
tainly quite  different  from  the  old  idea,  is  now  open  for  general 
discussion. 

Professor  Goldsborough: — If  I  catch  Professor  Franklin's 
idea  correctly,  what  he  means  is  that  the  boys  should  have  a 
thorough  and  complete  drill  in  theoretical  electricity  and  then 
they  should  be  taught  to  apply  that  theoretical  training  in 
practical  work,  and  not  be  sent  out  of  college  with  a  theoretical 
training  and  a  practical  training  which  to  the  student  have  no 
relation  the  „  one  to  the  other.  Referring  to  what  Professor 
Franklin  says  as  to  the  equations  of  the  dynamo,  why,  there  Are 
lots  and  lots  of  young  men  who  know  the  equations  of  the 
dynamo  and  who  know  the  equations  of  alternating  current  cir- 
cuits, but  there  are  comparatively  few  who  feel  thoroughly 
acquainted  with  them;  they  know  them  in  a  vague  kind  of  way, 
but  their  ideas  are  involved  and  not  made  a  part  of  themselves. 
Too  much  care  cannot  be  taken  to  have  students  pass  into  pro- 
fessional life  with  the  proper  **  joint  "  between  the  theoretical 
and  the  practical.  This  requires  skill  on  the  part  of  the  instructor 
in  putting  the  student  through  the  right  **  soaking  **  process.  It 
is  a  perfect  farce  for  us  to  introduce  empirical  formulas  into  elec- 
trical engineering.  There  is  hardly  a  problem  which  we  cannot 
solve  with  the  use  of  a  rational  formula.  Students  very  fre- 
quently come  to  me  who  have  had  training  in  certain  mechanical 
subjects  in  which  it  is  absolutely  necessary  to  make  use  of 
empirical-formulas.  They  then  want  to  jump  to  the  last  formula 
on  the  page,  which  shows  the  result,  and  **  substitute  "  in  that 
formula.  I  always  make  them  go  right  back  to  the  beginning, 
to  the  start  and  go  right  down  through,  until  they  get  what  has 
gone  before,  and  until  they  master  this  I  do  not  think  they  have 
any  business  discussing  the  result. 

Professor  Langsdorf: — My  own  experience  in  teaching 
dynamo  laboratory  work  is  not  quite  so  long  as  that  of  Professor 
Franklin,  but  it  has  been  long  enough  to  show  me  that  there  are 
two  ways  of  ponducting  the  work.  One  method  is  to  give  the 
student  at  the  beginning  the  equation  which  represents  the 
relation  between  the  quantities  which  he  is  to  measure,  and  then 
have  him  verify  it  by  substituting  therein  the  numerical  data 
obtained  in  the  laboratory.  The  other  method  is  to  give  him  the 
apparatus,  tell  him  to  take  the  data,  plot  his  curve,  and  then 
finally  determine  the  equation  from  the  curve. 

I  think  that  by  the  latter  method  the  thing  is  impressed  upon 
the  student  as  it  can  be  done  in  no  other  way.  I  remember  that 
in  my  own  experience  as  a  student,  when  I  had  to  derive  the 
complete  equation  of  the  bifilar  pendulum,  it  took  on  a  meaning 
which  blind  acceptance  could  not  have  given  to  it;  and  it  is  this 
method  which  I  have  always  used  with  my  students. 
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Since  the  title  assigned  for  this  paper  contains  more  than 
one  per  cent,  of  the  total  number  of  words  allotted,  there  seems 
little  room  to  speculate  as  to  the  problems  confronting  us. 

To  some  engineers  apparently  the  one  and  only  problem  is  that 
of  salary,  while  for  others  the  greatest  problem  is  to  find  men  who 
can  and  will  earn  large  salaries. 

Other  problems  range  froir.  figuring  the  proper  size  of  an  elec- 
trical conductor  or  tracing  out  a  telephone  circuit  up  to  the  highest 
speculative  imaginings  of  which  the  human  mind  is  capable,  such 
as  those  suggested  by  the  recent  statements  of  Prof.  Crooke*s, 
Prof,  and  Madame  Curie  and  others,  regarding  the  atomic  theory. 

We  are  now  to  d  that  each  atom,  formerly  considered  indivisi- 
ble, is  a  whole  stellar  system,  composed  of  a  tremendous  number 
of  absolutely  identical  units,  all  in  orbital  motion. 

We  are  further  told  that  of  these  identical  units  or  ions,  an 
atom  of  oxygen  contains  11,200;  an  atom  of  gold  137,200;  an 
atom  of  radium,  120,000;  and  so  on. 

Who  can  delineate  the  problems  which  will  be  presented  by 
this  new  tlieory,  or  by  the  strange  properties  of  the  recently  dis- 
covered radium  and  other  radioactive  substances? 

A  recent  article  on  this  new  development  says:  "  Chemistry 
has  in  fact  become  the  astronomy  of  the  infinitesimal.  One  is 
led  to  wonder  then  if  the  earth  and  the  other  planets  are  not  mere 
ions  fonriing  a  single  atom  of  a  higher  universe,  where  perhaps 
they  constitute  a  speck  of  dust  that  worries  the  careful  housewife 
in  the  world  next  above  us." 

5i)9 
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As,  however,  this  is  a  body  of  educators  and  engineers  rather 
than  of  astronomers  and  philosophers,  may  it  not  be  well  to  avoid 
speculation  and  be  content  during  the  brief  time  at  our  disposal 
with  what  might  be  called  a  **  plain  3  per  cent,  investment?  ** 

The  qualities  of  mind  and  of  character  needed  by  the  electrical 
engineer  of  to-day  are  too  well-known  to  need  to  be  specified. 

He  should  be  accurate  in  his  calculations,  thorough  in  his  in- 
vestigations, logical  in  his  deductions,  lucid  and  co7tcise  in  his 
statements. 

He  should  have  untiring  energy,  an  alert  mind,  abundant 
initiative,  and  reasonable  self-confidence. 

He  should  be  absolutely  honest  in  all  his  dealings,  truthful  in  all 
statements,  loyal  to  his  clients,  faithftd  to  his  employer's  interests, 
considerate  of  his  subordinates,  diplomatic  in  his  negotiations  and 
tactful  in  all  his  relations. 

However,  instead  of  attempting  to  rear  a  structure  on  the 
foundation  of  the  text  assigned  to  us,  may  we  not  rather  use  it  as 
a  spring-board  from  which  to  vault  into  the  general  field  under 
discussion  to-day  ? 

This  might  be  summarized  under  the  title,  **  What  education 
should  the  electrical  engineer  of  to-day  have." 

In  entering  this  field,  I  realize  that  I  may  be  trespassing  on  the 
preserves  and  vested  rights  of  Messrs.  Gherardi,  Osborne  and 
Johnston,  whose  papers  are  to  follow: 

In  that  case  I  hope  these  gentlemen  will  follow  the  example  of  the 
beasts  in  Kipling's  Jungle  Stories,  and  wish  me  **  Good  Hunting." 

Irrespective  of  this,  there  are  a  few  points  in  the  education  of 
an  engineer  which  are  so  important  that  it  would  probably  do  no 
harm  if  they  should  be  repeated  and  urged  by  every  one  of  the 
men  to  whom  papers  for  to-day's  session  were  assigned. 

One  of  these  points  is  well  covered  by  Mr.  Johnston's  paper, 
**  Engineering  English,"  the  great  importance  of  which  is  further 
emphasized  in  the  latter  part  of  this  paper. 

As  is  frequently  remarked,  this  is  the  age  of  great  industrial 
combinations  and  of  specialists.  Not  satisfied  with  this,  the 
specialists  now  specialize.  The  engineering  field  was  formerly 
divided  into  the  two  general  classes  of  military  and  civil  engineers. 
From  the  latter  gradually  developed  marine,  mining  and  mechani- 
cal engineering,  and  as  an  offshoot  from  this  last  branch,  there 
was  recently  added  electrical  engineering.  Civil  engineers  to-day 
are  sub-divided  into  such  classes  as  hydraulic  engineers,  bridge 
engineers,  railroad  engineers,  etc.     We  also  find  that  electrical 
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^^engineers  are  classified  as  telegraph  engineers,  electric  light 
engineers,  electrochemical  engineers,  telephone  engineers,  etc. 

A  few  years  ago  many  of  us  would  have  supposed  that  the 
problems  of  the  telephone  engineer  were  those  of  a  high-class 
artisan  and  that  they  would  consist  largely  of  trying  to  unravel 
tangled  cobwebs  of  fine  wires,  and  to  understand  and  to  be  able 
to  operate  mazes  of  signalling,  connecting  and  protecting  devices. 
A  member  of  the  Institute  of  Electrical  Engineers,  who  is 
the  head  of  the  electrical  engineering  school  in  a  prominent  uni- 
versity, remarked  not  long  ago  that  he  never  appreciated  the 
importance  of  the  telephone  engineer  until  he  saw  one  of  the 
particularly  well-known  members  of  the  profession  decline  a 
salary  of  $25,000  a  year.  The  professor  further  stated  that 
ever  since  then  he  has  wished  he  knew  enough  to  be  a  telephone 
engineer. 

In  the  early  days  it  was  thought  that  a  room  of  almost  any 
shape  and  size,  with  a  couple  of  empty  boxes  for  seats,  and  a 
switchboard  of  primitive  design  and  construction  was  all  that 
was  needed  to  make  a  telephone  exchange.  The  City  of  New 
York  had  in  1894  about  10,000  telephones  or  "  stations  ";  in 
1900  the  number  was  about  45,000;  at  present,  the  number  is  in 
the  neighborhood  of  100,000,  an  increase  of  1,000  per  cent,  in 
nine  years,  and  by  1910  it  is  estimated  the  ntunber  will  be  perhaps 
300,000,  These  figures  are  tmderstood  to  be  exclusive  of  desk 
or  other  extension  sets. 

Owing  to  the  wonderful  growth  of  their  business,  telephone 
companies  now  erect  buildings  specially  designed  to  meet  the 
requirements  of  their  exchanges,  and  a  telephone  engineer 
must  know  something  of  architecture,  the  strength  of  materials 
and  other  factors  entering  into  modem  steel  bxiilding  construc- 
tion, and  many  other  subjects  which  should  be  a  part  of  a  broad 
engineering  education,  but  which  are  not  ordinarily  supposed  to 
come  within  the  province  of  a  telephone  engineer,  as  narrowly 
applied : 

It  is  at  least  equally  important  that  other  engineers  who  have 
specialized  and  must  know  well  some  part  of  the  field  of  engineer- 
ing should  likewise  have  a  general  knowledge  of  the  sciences  and 
of  the  broad  underlying  principles  of  engineering,  based  on  a  thor- 
ough mast^  of  elementary  mathematics  and  supplemented  by 
some  study  of  languages,  history,  civics  and  other  studies  of  gen- 
eral educational  value. 

The  question  naturally  arises,  how  can  the  engineering  student 
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possibly  obtain  a  satisfactory  knowledge  of  all  of  these  important 
subjects?  Much  of  his  special  knowledge  must  be  acquired  after 
he  has  comm.enced  the  practice  of  his  profession.  If  unusually 
energetic  and  capable,  all  or  any  part  of  his  education  may  be 
gained  after  he  enters  professional  life,  but  it  is  preferable  that  iiis 
broader  education  be  well  started  during  his  school  years.  For  a 
considerable  time  it  has  been  clearly  recognized  that  law  and 
medicine  reqtiire,  for  general  and  special  study,  more  time  than 
is  possibly  available  in  the  ordinary  college  course  of  four  years. 
The  well-educated  lawyer  of  to-day  takes  a  thorough  preparatory 
course,  four  years  in  college,  and  three,  or  at  least  two,  years  in 
law  school,  and  after  this  is  likely,  if  he  can  afford  it,  to  take  one 
year  abroad  or  in  some  special  post-graduate  work.  The  well- 
educated  physician  of  to-day  after  regular  and  preparatory 
courses,  spends  three  years  in  medical  college,  and  if  possible,  one 
year  in  foreign  study,  and  then  is  likely  to  devote  several  years 
to  hospital  work,  before  attempting  to  engage  in  the  general 
practice  of  his  profession. 

If  lawyers  and  doctors  can  afford  the  time  and  money  necessary 
to  get  such  educations,  should  not  engineers,  in  view  of  the  very 
wide  range  of  subjects  with  which  they  must  now  be  reasonably 
familiar,  adopt  a  similar  plan?  The  decision  of  the  question 
will  have  to  be  made  individually  by  the  young  men  themselves, 
important  factors  being  the  time  and  money  available  for  educa- 
tional purposes. 

It  is  well  to  remember,  however,  that  more  important  than  a 
knowledge  of  any  study,  or  group  of  studies,  is  the  ability  to  mas- 
ter thoroughly  any  subject  of  which  a  knowledge  is  desired. 

In  education  especially,  quality  is  more  important  than  quan- 
tity. A  thorough  mastery  of  arithmetic  and  algebra  is  better 
than  a  mere  **  pass  grade  '*  knowledge  of  these  and  all  the  higher 
mathematics,  which  is  then  ordinarily  soon  forgotten. 

It  is  better  never  to  have  seen  the  inside  of  a  Latin,  French  or 
German  grammar,  and  to  use  correct  English,  than  to  have  the 
ordinary  three  or  four  years  "  translating  knowledge  *'  of  all 
three  of  these  foreign  languages  and  still  say  **  I  seen." 

As  in  nearly  all  practical  engineering  problems,  this  one  of 
engineering  education  can  perhaps  be  best  set  forth  by  arranging 
a  balance  sheet  showing  the  credit  and  debit  sides.  Against  the 
extended  education  we  have  expense  involved,  time  necessary 
before  the  earning  period  is  reached,  time  required  for  general 
study  which  might  be  fievoted  to  mastering  some  special  branch 
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of  engineering,  thus  more  qiiickly  insuring  a  comfortable  salary, 
danger  to  health  if  too  much  study  is  crowded  into  a  given  period, 
etc.  On  this  side  also  we  have  the  danger  that  by  widely  ex- 
tending the  field  of  endeavor  we  may  produce  a  student  rather 
than  an  engineer,  or  that  the  work  may  be  superficial.  The  im- 
portance  of  thoroughness  is  supreme. 

This  implies  also  that  the  education  of  the  engineer  must 
develop  not  a  dreamer,  but  a  worker,  thoroughly  competent  in 
his  sphere,  whether  great  or  small. 

It  is  better  for  the  world  and  for  the  man  that  he  should  be  a 
high  class  mechanic  or  artisan,  with  a  good  common  school  educa- 
tion, than  that  he  should  be  nominally  an  **  engineer,"  having  a 
smattering  of  many  subjects,  and  ekeing  out  an  existence 
amongst  more  competent  fellows. 

It  is  better  for  him  never  to  have  been  inside  a  college,  but  to 
have  commenced  at  wheeling  ashes  and  become  a  ^ood  electric 
li^ht  superintendent,  than  that  he  should  **  drag  "  through  col- 
lege and  university,  take  master's  and  doctor's  degrees  and  be- 
come an  incompetent  college  professor.  His  social  status  may 
not  be  as  high,  but  he  will  be  a  more  useful  man. 

On  the  credit  side  of  the  extended  education  we  have,  first,  the 
direct  satisfaction  to  be  had  from  its  possession  and  the  ability  to 
•enjoy  on  even  terms  the  society  of  educated  people. 

Secondly,  there  is  the  practical  use  to  which  this  knowledge 
■can  be  put. 

Thirdly,  and  more  important  than  the  knowledge  actually 
acquired,  is  the  learning  how  to  knoic  a  subject,  and  where  or  in 
what  direction  to  look  for  information  specifically  wanted. 

Fourthly,  there  is  the  certainty  that  with  equal  industry  and 
attention  to  his  work,  the  young  engineer  of  ability  with  a  broad 
education  will  ultimately  take  higher  rank  in  his  profession  and 
be  more  successful  in  business. 

The  qualified  phrase,  "  young  engineer  of  ability  "  is  used 
advisedly.  The  en^;ineer  of  ordinar}'  or  less  than  ordinary 
ability,  will,  in  practical  life,  accon:plish  most  by  not  attempting 
to  have  his  education  cover  too  wide  a  field,  and  learning  some 
special  department  thoroughly. 

A  prosperous  market  gardener  is  more  to  be  envied  than  a  poor 
farmer. 

If  a  young  man  will  take  for  his  motto  "  thoroughness,*'  and, 
in  planning  his  list  cf  studies,  will  include  first  those  of  prin:e 
importance,  and  tlien  add  those  of  decreasing  importance  until 
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all  his  available  time  is  occupied  he  will  be  planning  most 
wisely.  Ordinarily  the  young  man  will  not  be  able  to  arrange 
a  course  entirely  to  suit  his  individual  requirements,  but  he  can 
use  the  method  above  suggested  to  help  him  in  deciding  as 
between  various  courses  offered.  The  choice  should,  when  time 
and  mental  capacity  make  it  possible,  be  in  favor  of  a  broad  gen- 
eral education,  supplemented  by  thoroiigh  technical  training. 
This  may,  and  frequently  will,  lead  to  a  general  college  course  to 
be  followed  by  a  technical  course  of  two  or  more  years. 

The  writer  recently  knew  of  two  groups  of  men  who  were  eath 
looking  for  an  able  street  railway  manager,  and  who  were  willing 
to  pay  in  each  instance  a  salary  of  $25,000  per  annum.  The  man 
who  happened  to  be  offered  both  of  these  positions  is  said  to  have 
been  for  12  years  a  street  car  conductor.  This  is  no  proof  that 
an  engineering  education  is  valueless.  It  is,  however,  conclusive 
proof  of  the  superior  importance  of  good  business  judgment  and  the 
ability  thoroughly  to  master  a  given  subject,  which  in  this  instance 
happened  to  be  street  railway  operation  and  management. 

People  are  to-d»y.  looking  for.  engineers  and  would  gladly  pay 
salaries  of  $6,000  to  $10,000  per  annum  for  men  of  exactly  the 
right  qualifications.  It  would  be  easy  to  find  hundreds  of  men 
who  have  had  all  the  necessary  general  education,  and  scores  who 
have  had  as  well  all  the  needed  technical  training.  The  ques- 
tions which  are  asked,  however,  are  such  as  the  following: 

Has  he  good  business  judgment  ? 

Has  he  tact  ? 

Has  he  the  rr.ental  capacity  and  breadth  to  develop  into  a 
**  big  man?  " 

Is  he  diplomatic,  with  ability  to  negotiate? 

Is  he  initiative,  without  being  erratic? 

Will  he  get  results? 
We  might  divide  the  studies  which  are  worthy  the  attention  of 
tlie  electrical  engineer  into  four  general  classes.  Individual 
opinions  will  necessarily  differ  widely  as  to  the  studies  which 
should  come  within  each  class.  Some  will  want  to  increase  and 
others  diminish  the  total  number.  In  any  event,  the  student 
should  attempt  studies  of  the  relatively  less  important  classes 
only  in  case  he  has  already  mastered  thoroughly,  or  is  sure  of  so 
mastering,  the  more  important  studies. 

In  the  first  class  we  may  put  those  studies  which  will  teach  to 
think  clearly  and  express  lucidly,  which  will  teach  how  to  learn,  and 
which  will  give  a  comprehensive  knowledge  of  the  fundamental 
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facts  and  principles  underlying  his  profession.  These  should  be 
learned  most  thoroughly,  and  would  include  English,  arithmetic 
{mental  and  written),  algebra,  geometry  and  trigonometry, 
chemistry,  physics  (especially  mechanics),  general  knowledge  of 
principles  of  electrical  engineering,  practical  ethics. 

The  second  class  may  include  some  subjects  which  will  especially 
tend  further  to  develop  clear  thinking  and  clear  writing,  some 
which  will  further  increase  the  knowledge  of  the  general  principles 
of  his  profession,  and  some  which  will  give  knowledge  that  will  be 
professionally  and  commercially  useful.  This  class  includes: 
Calculus  and  vectors,  surveying,  Latin  (usual  preparatory  course) 
French  (speaking  and  reading — not  translating  knowledge  of), 
electrochemistry,  advanced  engineering  studies,  business  law, 
general  principles  of  modem  accounting,  civics. 

The  third  class  may  include  some  subjects  which  are  likely  to 
be  of  direct  professional  or  commercial  use,  and  others,  the  study 
of  which  will  be  of  general  educational  value.  This  class  includes : 
Spanish,  geology,  physiology  and  temporary  care  of  injured; 
logic,  quaternions  and  subjects  which  are  studies  of  engineering 
details  rather  than  of  general  principles,  etc. 

The  fourth  class  may  include  those  studies  which  will  help  in 
rotmding  out  the  education  of  the  man  rather  than  in  furnishing 
the  essential  equipment  of  the  engineer.  This  class  includes: 
Mineralogy,  botany,  zoology,  history,  political  economy,  mental 
and  moral  philosophy,  art,  music,  etc. 

The  third  and  fourth  classes  of  subjects  are  useful  to  round  out 
and  complete  the  foundation  and  frame  work  provided  by  the 
first  and  second  classes,  but  should  not  be  indulged  in  at  the 
expense  of  the  relatively  more  important.  A  few  non-technical 
subjects  merit  individual  mention. 

English. 

President  Butler,  of  Columbia  University,  is  reported  to  have 
said:  **  The  first  two  evidences  of  an  education  are  correctness 
and  precision  of  speech,  and  refined  and  gentle  manners."  The 
latter  must  be  acquired  almost  entirely  at  one's  home  and  from 
contact  with  one's  associates.  The  correct  speech  must  be 
acquired  largely  in  the  same  way,  but  may  be  learned  to  a  con- 
siderable extent,  in  the  preparatory  schools  and  in  the  college  or 
university.  There  is  nothing  more  important  for  the  young 
engineer  to  learn  than  "  the  skilful  and  correct  use  of  language, 
whether  to  state  a  fact  or  convey  an  idea,"  understanding  that 
"  clear  thinking  precedes  clear  speaking." 
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English  should  be  taught  from  beginning  to  end  of  the  prepara- 
tory school  work,  and  also  from  beginning  to  end  of  the  college 
course.  In  order  to  have  this  drill  continue  throughout  the 
college  course,  it  may  be  necessary  to  have  a  considerable  part  of 
the  training  incorporated  into  the  writing  of  laboratory  reports^ 
examination  papers  and  other  similar  documents.  Is  this  not 
feasible?  Whether  done  in  this  way  or  not,  the  training  should 
be  continuously  maintained. 

Arithmetic  and  Algebra. 

More  attention  may  well  be  paid  in  the  preparatory  schools  to 
algebra  and  arithmetic,  especially  mental  arithmetic.  A  com- 
prehensive understanding  of  algebra  is  most  useful  to  the  engineer 
both  in  his  later  studies  and  in  practical  work.  Mental  arith- 
metic provides  both  good  mental  exercise  and  equipment. 

We  sometimes  hear  engineers,  as  well  as  others,  speak  of  the 
"  poetry  of  motion."  Many  of  our  profession  seem  to  under- 
stand this,  only  as  applied  to  the  slide  rule.  It  is  unnecessary, 
and  is  frequently  annoying  to  have  an  engineer  who  is  drawing 
a  salary  of  several  thousand  dollars  per  annum  pull  out  his  slide 
rule,  and,  after  some  considerable  manoeuvring,  announce  that 
"  5  times  4A  is  about  22,"  or  that  **  two  tons  of  rails  at  $33  per 
ton  will  cost  about  $65." 

Surveying. 

During  the  college  course  it  would  seem  advantageous  even 
for  the  electrical  engineer  to  devote  a  moderate  amount  of  time 
to  the  study  of  the  various  methods  of  surveying  now  practised. 
These  can  be  quickly  understood  if  the  student  has  thoroughly 
mastered  his  arithmetic,  geometry  and  trigonometry,  and  a 
general  knowledge  of  surveying  is  very  likely  to  be  useful  in 
practical  work.  The  summer  spent  on  railroad  location  and  con- 
struction will  help  develop  one's  physique,  teach  one  to  read  and 
fully  appreciate  a  profile,  give  a  little  knowledge  of  construction 
costs  and  methods,  and  give  other  knowledge  which  one  will 
probably  find  useful  in  both  field  and  office.  A  summer  so  spent 
will  in  after  life  be  remembered  as  time  well  and  profitably 
occupied. 

French  and  Latin. 

French  and  Latin  are  included  in  the  second  class,  because  of 
the  mental  training  and  polish  to  be  gained  by  their  study. 
Some  knowledge  of  Latin  will  greatly  assist  in  thoroughly  master- 
ing English,  and  is  in  this  respect  more  useful  than  the  study  of 
German. 
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A  knowledge  of  French  which  will  enable  the  young  engineer 
to  speak  and  read  with  ease  is  strongly  recommended.  The  edu- 
cated people  of  Mexico,  South  America,  Russia  and  other  coun- 
tries speak  French,  and  as  this  for  centuries  has  been  the  poUte 
and  diplomatic  language  of  the  world,  the  advantages  to  be 
derived  from  mastering  it  are  likely  to  be  not  only  educational 
and  social,  but  commercial  as  well. 

On  the  contrary,  there  is  little  prospect  that  American  engi- 
neers can  practise  their  profession  proStably  in  Germany  or  Ger- 
man-speaking countries.  Nearly  all  important  scientific  papers 
are  now  promptly  translated  into  English,  and  included  in  the 
technical  press  or  publications  of  the  various  scientific  and 
engineering  societies.  In  consequence,  there  is  no  longer  any 
fecial  need  of  the  engineer  knowing  any  foreign  languages  for 
the  sake  of  keeping  advised  as  to  the  progress  made  in  the  work 
of  his  profession. 

The  general  educational  value  of  learning  one  modem  lan- 
guage seems  about  equal  to  that  to  be  gained  from  learning 
another.  Consequently,  the  social  arid  commercial  advantages 
of  French  give  it  first  place  for  the  American  engineer. 

Spanish. 

The  study  of  a  second  modem  language  should  be  undertaken 
only  in  case  the  first  can  be  spoken  fluently.  Then  it  would  seem 
that  Spanish  is  the  best  language  to  learn.  Having  studied 
Latin  and  French,  Spanish  should  be  very  easily  acquired. 

The  development  of  Porto  Rico,  Cuba,  the  Philippines,  Mexico, 
the  Central  and  South  American  countries,  will  probably  afford 
many  opportunities  for  the  engineers  of  the  coming  generation, 
and  to  these  a  knowledge  of  Spanish  would  be  of  great  value. 
Engineering  Studies, 

The  time  devoted  to  various  engineering  studies  in  Class  1,  as 
well  as  in  Class  2,  must  depend  largely  on  the  facilities  of  the  col- 
lege attended,  and  the  special  work  for  which  it  is  intended  to  pre- 
pare. It  would  be  quite  useless  to  attempt  to  discuss  the  relative 
importance  of  the  purely  technical  studies  in  the  time  at  our  dis- 
posal, or  to  attempt  to  arrange  any  detailed  plan  of  technical 
work. 

Business  Training. 

Somewhere  in  the  general  course  there  should  be  included 
a  moderate  amount  of  training  in  modern  business  methods 
and  practices.  There  is  no  more  reason  for  the  engineering 
graduate  being  utterly  ignorant  of  even  the  most  elementary 
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knowledge   of  business   practices   than   that   he   should   know 
absolutely  nothing  of  geography. 

Accounting. 

All  engineering  students  should  have  some  reasonable  training- 
in  accounting,  so  that  they  would  not  be  entirely  ignorant  and 
without  power  of  speech  if,  after  beginning  the  practice  of  their 
profession,  they  are  asked  some  elementary  questions  about  the 
annual  report  of  a  street  railway,  electric  light  or  manufacturing 
company. 

Business  Law. 

A  moderate  amount  of  time  should  also  be  devoted  to  the 
study  of  fundamental  principles  of  business  and  corporation  law. 
An  engineer,  in  practice,  should  at  least  be  able  to  draw  a  con- 
.tract  which  will  be  legal  and  explicit. 

In  General. 

A  modem  engineer  is  dependent  for  his  success  largely  on  the 
financier.  If  the  engineer  does  not  know  that  bonds  should  pay 
interest,  and  that  stocks,  if  possible,  should  pay  dividends  and 
has  no  conception  of  the  difference  between  a  stock  certificate 
^and  a  promissory  note,  the  financier  is  likely  to  form  an  unde- 
servedly low  opinion  of  the  engmeer's  technical  knowledge. 

If  a  young  engiener  will  have  before  him  constantly  the  ulti- 
mate and  best  interests  of  his  employer,  will  endeavor  always  to 
be  tactful  and  never  unnecessarily  to  irritate,  will  —without 
flattery — say  only  what  is  pleasant,  unless  right  demands  a  plain 
statement  of  an  unpleasant  truth,  then  his  advance  will  surely 
be  more  rapid  than  if  these  things  are  forgotten  or  neglected. 
The  importance  of  these  things  should  be  pointed  out  and  fre- 
quently emphasized  by  educators. 

The  techincal  problems  which  face  the  engineer  are  certain  to 
be  recognized  as  they  come  up.  Too  frequently  the  importance 
of  problems  connected  with  one's  business  and  social  relations 
with  employers,  fellow  employees  and  others  are  not  appreciated. 
These  deserve  careful  and  persistent  study.  Their  correct  solu- 
tion and  an  accurate  appreciation  of  the  proper  proportion  of 
things,  constitute  business  sagacity.  The  paramount  importance 
of  such  matters  sliould  be  repeatedly  impressed  pn  students  and 
they  sliould  be  led  to  understand  thoroughly  that  their  satis- 
factory solution  will  be  rewarded  not  only  by  a  pleasanter  life 
during  working  hours,  but  also  by  increased  esteem  and  greater 
business  success. 
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THE     PROPER     QUALIFICATIONS     OF.     ELECTRICAL 
ENGINEERING    SCHOOL    GRADUATES     FROM 
THE  TELEPHONE  ENGINEER'S  STANDPOINT. 


BY  BANCROFT  GHERARDI,  JR. 


I  have  been  asked  by  the  Chairman  of  the  Papers  Committee 
to  say  a  few  words  on  the  proper  quaUfications  of  electrical 
engineering  school  graduates,  judging  them  from  the  point  of 
view  of  the  telephone  engineer. 

These  qualifications  are  the  product  of  two  factors:  the 
natural  ability  of  the  man  himself  and  the  training  which  he 
receives  at  the  engineering  school. 

Upon  the  man's  natural  ability,  although  a  factor  of  prime 
importance,  I  will  not,  owing  to  the  limitations  of  time,  attempt 
to  speak  in  detail  here  to-day.  In  general  terms  the  nature  of 
these  natural  qualifications,  which  seem  to  me  to  be  requisite  in 
the  engineering  studenf,  is  evident  from  a  consideration  of  the 
training  which  the  school  attempts  to  give  him,  for  if  he  is  to 
obtain  anything  of  value  from  his  school  training,  he  must  have 
those  qualities  of  mind  necessary  to  enable  him  to  assimilate  it. 

In  treating  my  topic,  I  shall  confine  myself  to  a  discussion  uf 
the  subject  of  education  considered  not  primarily  with  reference 
to  preparing  the  student  for  his  general  responsibilities  with 
reference  to  society,  but  solely  as  providing  him  with  the  special 
qualifications  needed  in  his  professiqnal  work. 

In  thus  excluding  from  the  present  consideration  the  question 
of  what  education  should  be  given  to  the  student  for  other 
reasons  than  to  fit  him  for  the  special  work  of  his  profession,  I 
do  not  wish  to  belittle  the  very  great  importance  of  broadening 
studies.  A  discussion  including  this  phase  of  engineering  educa- 
tion would  extend  my  remarks  beyond  the  time  assigned  to  me, 
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would  develop  age-long  controversies  and  would,  perhaps,  after 
all,  be  more  suitable  for  discussion  elsewhere  than  at  this  meeting. 
Even  that  branch  of  the  subject  to  which  I  have  restricted  myself 
is  so  extensive  that  it  will  be  impossible  here  to  treat  of  it  ex- 
haustively and  at  best  I  will  only  be  able  to  bnng  out  a  few  ideas 
which  have  impressed  themselves  upon  me  as  being  worthy  of 
serious  consideration. 

It  is  well  recognized  that  telephone  engineering  is  one  of  those 
specialties  into  which  electrical  engineering  in  general  is  rapidly 
splitting,  and  in  consequence  of  this  fact,  it  has  been  assumed  by 
some  that  the  school  training  for  the  telephone  engineer  should  be 
different  from  that  given  to  electrical  engineers  in  other  branches. 
That  the  telephone  engineer  should  receive  at  the  engineering 
school  a  training  substantially  different  from  that  given  to  elec- 
trical engineers  in  other  branches  is  a  proposition  with  which  I 
do  not  altogether  agree. 

While  the  professional  work  required  of  the  telephone  engineer, 
comprehensive  though  it  is,  bringing  him  in  contact  with  various 
practical  problems  which  do  not  confront  electrical  engineers  in 
other  branches,  his  work  is,  after  all,  based  upon  the  essential 
principles  which  underlie  the  work  of  all  of  those  engaged  in  the 
electrical  engineering  profession.  It  deals  with  the  same  mate- 
rials and  the  same  physical  laws  and  it  has  the  same  general  ob- 
ject in  view;  that  is,  to  accomplish  the  most  satisfactory  results 
in  the  most  economical  manner. 

If,  in  the  few  short  years  which  are  available  for  the  profes- 
sional training  of  the  student,  it  were  possible  to  teach  everything 
in  science  and  engineering  which  might  be  available  in  his  profes- 
sional work,  it  might  then  be  reasonable  to  incorporate  as  a  part 
of  such  training  a  large  amount  of  work  on  problems  particularly 
concerning  the  telephone  plant  and  the  questions  which  arise  in 
the  construction  and  operation  thereof.  It  is  evident,  however, 
that  to  include  in  the  curriculum  such  a  course  of  training  would 
far  transcend  the  limits  of  time  which  the  student  can  spend  at 
the  engineering  school.  It  seems  to  me,  therefore,  that  instead  of 
attempting  to  teach  these  ultimate  practical  problems,  the  im- 
portant matter  is  that  engineering  students  shou.  1  have  disci- 
pline in  the  methods  of  solving  engineering  questions.  Such 
discipline  as  I  have  in  mind  is  not  given  by  teaching  him  the 
solution  of  each  and  every  question  that  may  raise  in  practice, 
even  if  the  time  available  would  make  this  possible.  On  the 
contrary,  this  discipline  can  best  be  given  to  him  by  a  general 
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training  which  will  enable  him  to  solve  any  question  that  may 
arise  when  he  becomes  acquainted  with  the  conditions  of  that 
special  problem.  When  the  special  problem  comes  before  him, 
he  will,  with  the  proper  training,  be  able  to  solve  it  first  by  getting 
the  facts  in  the  case  and  then  by  interpreting  these  facts  accord- 
ing to  correct  processes  of  reasoning. 

In  my  mind,  therefore,  the  functions  of  technical  education 
may  be  summed  up  as  follows:  Train  the  student  so  as  to  convince 
him  of  the  necessity  of  getting  his  facts  and  teach  him  the  best 
method  of  getting  the  facts.  Train  him  as  to  the  methods  of 
interpreting  engineering  data  and  in  reasoning  thereupon.  You 
will  note  that  I  do  not  say  that  the  education  should  teach  a 
man  the  facts.  It  seems  to  me  it  is  evident  to  anyone  who  con- 
siders the  question,  that  no  course  of  college  or  university  educa- 
tion can  teach  a  man  the  facts  and  practices  of  such  a  field  of 
engineering  as  we  have  under  consideration.  I  do  not  refer  to 
fundamental  facts  and  laws,  but  refer  to  the  details  of  super- 
structure with  which  so  many  special  courses  endeavor  to  famil- 
iarize a  man  before  he  starts  on  his  professional  career. 

The  state  of  the  art  in  the  case  of  any  branch  of  engineering  is 
necessarily  voluminous  and  involved  and  is  constantly  under- 
going rapid  changes.  The  mere  acquiring  of  such  voluminous 
data  and  ascertaining  their  correct  relations  to  other  data  is  the 
work  of  a  lifetime,  even  assuming  that  such  data  were  available  in 
a  form  which  would  permit  of  their  being  taught  in  a  college  or 
university.  Furthermore,  and  what  is  more  important,  the 
attempt  at  teaching  such  data  in  the  length  of  time  available 
necessarily  results  in  the  neglect  of  those  fundamental  and 
general  studies,  the  importance  of  which  I  am  endeavoring  to 
bring  out. 

If  I  were  to  consider  the  extent  to  which  broadening  or  liberal 
studies  should  be  required  of  the  student,  the  question  of  how 
much  time  should  be  devoted  to  English  literature,  to  lo^ic  and 
to  philosophy,  would  require  most  careful  consideration,  but  upon 
one  point  which  might  properly  come  under  the  head  both  of 
broadening  studies  and  special  technical  equipment  I  have  firm 
convictions.  I  shall  speak  of  it  here  merely  as  part  of  the  tech- 
nical equipment  of  the  student. 

I  am  satisfied  that  extraordinary  efforts  should  be  made  to 
teach  every  engineering  student  to  write  a  report  or  letter  in 
clear,  convincing  English,  setting  forth  t!ie  facts  and  arguments 
and  conclusions  pertaining  to  any  question  he  may  have  to  con- 
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'•ider.  The  student  should  be  taught  to  state  in  correct  and 
logical  form  the  nature  of  any  given  problem  and  to  enforce  his 
conclusion  with  arguments  Which  must  be  convincing.  Such 
training  as  this  is  not  one  merely  in  literature,  composition  or 
rhetoric;  for  it  should  be  borne  in  mind  that  to  write  such  a 
report  as  I  have  indicated,  the  student  must,  first  of  all,  have 
mastered  the  problem  itself,  and  that  clear  thinking  must  precede 
clear  writing. 

From  this  point  of  view  discipline  in  English  is  not  to  be 
regarded  as  producing  mere  literary  polish,  but  as  enforcing 
correct  thinking  in  regard  to  each  and  every  question  upon 
which  he  has  to  write.  If  rigidly  applied  throughout  all  of  his 
college  course,  this  will  do  more  than  any  other  single  form  of 
discipline  to  develop  correct  habits  of  thought. 

In  mathematics  the  usual  training  leading  up  to  and  including 
the  calculus  is  sufficient  for  general  engineering  work  in  telephony 
although  it  is  well  for  men  having  special  aptitude  in  mathe- 
matics to  carry  their  work  sufficiently  far  so  as  to  be  able  to 
handle  problems  involving  differential  equations.  The  rela- 
tively small  number  of  questions  in  practice,  however,  demand- 
ing this  knowledge  of  higher  mathematics,  does  not  justify  re- 
quiring it  of  every  graduate,  particularly  as  those  not  having 
aptitude  for  it  would  not  be  able  to  make  much  use  of  it  in 
practice.  A  student  should  receive  a  good  training  in  elementary 
physics  and  analytical  mechahics,  and  should  be  familiar  with 
the  application  of  analytical  mechanics  to  engineering  problems. 
In  electricity,  the  student*s  work  should  of  course  be  carried 
much  further  than  in  the  other  branches  of  physics,  and  he 
should  have  a  thorough  knowledge  of  both  direct  and  alternating 
currents.  In  addition  to  giving  him  this  knowledge  in  the 
abstract  form  it  should  also  be  taught  in  some  of  its  principal 
applications  to  the  several  branches  of  electrical  engineering. 

In  experimental  laboratory  work  he  should  have  a  fair  amount 
of  experience.  This  laboratory  work  should  be  chosen  primarily 
as  illustrating  and  proving  fundamental  laws  and  also  as  giving 
the  student  the  necessar\^  manual  dexterity  needed  in  handling 
instruments  of  precision.  As  an  important  part  of  such  experi- 
mental work,  I  suggest  that  all  electrical  engineering  students 
should  be  thoroughly  drilled,  not  only  in  general  electrical  testing, 
but  in  tlie  si)ecial  electrical  testing  of  cables  and  wires,  having 
regard  to  their  dielectric  resistance  and  electrostatic  capacity, 
as  well  as  to  their  dielectric  strength  and  other  essential  physical 
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and  electrical  properties.  Such  experimental  work  should  also 
include  some  fundamental  tests  of  prime  movers  as  well  as 
standard  tests  upon  generators,  motors,  transformers  and  pri- 
mary and  storage  batteries. 

In  the  time  allotted  for  this  laboratory  work,  a  due  proportion 
should  be  set  aside  for  selected  experiments  relating  to  the  tele- 
graph and  the  telephone.  The  student  should,  also  receive  a 
general  knowledge  of  the  materials  used  in  engineering  work,  both 
from  instruction  and  from  laboratory  tests. 

In  the  matter  of  shop  practice,  I  think  it  is  easy  to  run  to 
excess.  A  certain  amount  of  practical  experience  in  shop  work 
should  be  given  to  the  student  so  as  to  familiarize  him  in  a  general 
way  with  various  classes  of  shop  practice.  The  effort  here  should 
be  not  to  make  the  student  a  skilled  workman,  but  rather  to 
give  him  such  respectful  familiarity  with  the  problems  of  the 
workshop  that  he  will  have  a  just  regard  for  their  possibilities 
and  limitations.  He  should  be  so  trained  that  when  in  his 
professional  work  he  is  brought  into  contact  with  the  shop 
foreman,  he  will  be  able  successfully  to  cooperate  with  him. 

One  or  more  foreign  languages,  and  drafting,  are  everywhere 
recognized  as  standard  requirements  of  an  engineering  education 
and  should  not  be  neglected  in  the  course  under  consideration. 

It  does  not  seem  to  me  that  any  engineering  education  is  com- 
plete without  a  certain  amount  of  knowledge  in  regard  to  legal 
questions,  particularly  those  relating  to  the  legal  responsibilities 
of  engineers,  to  the  execution  of  work  under  contract,  and  to  the 
matter  of  patents.  Nothing,  of  course,  should  be  undertaken  at 
the  engineering  school  in  the  way  of  attempting  to  give  to  the 
student  such  a  knowledge  as  will  enable  him  to  dispense  with 
legal  advice  upon  such  questions,  but  he  should  be  provided  with 
sufficient  knowledge  to  enable  him  to  know  when  to  seek  legal 
advice  and  to  be  able  to  lay  his  case  before  the  lawyers  and  to 
give  to  them  all  of  the  facts  which  are  essential  to  the  proper 
consideration  of  the  question  which  may  have  arisen. 

While  I  have  laid  stress  upon  the  necessity  of  a  preponderance 
of  fundamental  studies  in  the  electrical  engineering  schools  and 
have  argued  against  the  tendency  to  multiply  subjects  of  study 
by  introducing  excessive  numbers  of  courses  dealing  with  the 
details  of  engineering  questions,  I  do  not  by  any  means  wish  to 
be  understood  as  desiring  to  exclude  altogether  from  the  studies 
a  goodly  number  of  examples  from  practice.  I  would  use  the 
examples  from  practice,  however,  as  illustrating  the  fundamental 
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laws  and  as  showing  how  apparently  remote  scientific  principles 
are  really  of  the  utmost  importance  in  the  solution  of  practical 
problems. 

In  choosing  the  practical  examples  with  which  to  illustrate  a 
given  fundamental  principle,  care  should  be  taken  to  select  one 
or  more  cases  from  each  branch  of  electrical  engineering  to  which 
the  fundamental  principle  may  apply.  In  this  way  the  value 
of  the  principle  will  be  borne  in  upon  the  mind  of  the  student.  It 
will  help  him  to  see  theory  and  practice  in  the  proper  perspective, 
and  if  the  examples  are  well  chosen  and  judiciously  placed  before 
the  student,  they  will  aid  him  in  deciding  upon  the  particular 
branch  of  electrical  engineering  for  which  he  is  best  fitted. 

At  the  same  time  these  practical  examples,  although  they  may 
be  relatively  few  in  number,  will,  if  adequately  treated,  not  be 
without  some  immediate  practical  value  in  the  student's  early 
professional  work. 

If  the  attempt  to  teach  practice  is  thus  restricted,  it  will,  in 
my  judgment,  give  the  desired  balance  to  the  theoretical  training 
and  go  as  far  as  the  college  should  attempt  to  go  in  fitting  the 
student  for  his  practical  work  after  graduation. 

The  Papers  Committee  have  asked  me  to  include  in  my  re- 
marks any  criticisms  that  might  occur  to  me  as  a  result  of  my 
experience  with  technical  school  graduates.  In  complying 
with  their  request,  there  are  two  or  three  points  which  I  wish 
to  emphasize. 

In  the  first  place,  many  graduates  do  not  seem  to  appreciate 
sufficiently  that  engineering  is  the  determination  of  the  most 
economical  way  of  accomplishing  a  desired  result.  In  too  many 
cases  they  feel  that  they  have  done  all  that  is  required  when  they 
have  determined  one  way  of  accomplishing  a  result,  and  as  soon 
as  they  have  found  that  way,  deem  that  the  question  before  them 
is  answered. 

This  state  of  mind  upon  the  part  of  a  student  who  has  recently 
graduhted  and  who  has  never  felt  the  burden  of  final  responsi- 
bility is  not  unnatural,  considering  the  conditions  under  which 
his  work  has  been  done  at  college.  There,  while  he  may  have 
been  taught  to  look  carefully  for  the  most  economical  solution  of 
a  given  problem,  he  could  not  from  the  nature  of  the  case  be  con- 
fi-onted  with  tlie  severe  penalty  which  falls  to  a  professional  man 
who  has  failed  to  obtain  the  most  economical  answer  to  an  engi- 
neering problem  involving  large  sums  of  money.  The  importance, 
therefore,  of  earnestly  and  fairly  considering  all  possible  solutions 


1903.]     GHERARDI:  QUALIFICA TIONS  OF  GRADUA TES.  585 

of  the  problem  in  hand  should  be  continually  impressed  upon  the 
mind  of  the  student. 

Many  instances  have  arisen  in  my  experience  which  lead,  me 
to  believe  that  notwithstanding  all  that  is  said  upon  the  subject, 
not  a  sufficient  amount  of  emphasis  is  laid  upon  accuracy.  I 
have  often  noticed  that  beginners  in  engineering  seem  to  feel  that 
an  arithmatical  error  in  their  work,  or  an  inadvertant  making 
use  of  one  figure  when  they  should  have  used  another,  or  careless- 
ness in  getting  together  their  data,  are  comparatively  trivial 
mistakes,  while  the  use  of  incorrect  mental  processes  in  endeavor- 
ing to  attain  to  result  is  the  only  kind  of  mistake  which  would  be 
regarded  as  serious. 

Without  in  any  sense  condoning  the  use  of  incorrect  mental 
processes,  I  wish  to  point  out  that  as  far  as  practical  results  are 
concerned,  errors  of  the  one  kind  are  quite  as  serious,  and  render 
the  result  of  as  little  value  as  do  errors  of  the  other  kind.  As  a 
matter  of  fact,  these  clerical  and  arithmetical  errors  are  often 
more  serious  in  their  consequences  than  errors  of  logic.  Errors 
of  logic  can  readily  be  determined  by  a  comparatively  brief 
examination  of  a  subject  by  a  competent  chief  engineer,  whereas 
errors  in  computation  and  clerical  errors  cannot  be  discovered 
without  going  over  in  full  detail  the  entire  work  of  the  sub- 
ordinate. No  qualities  of  mind,  therefore,  however  admirable 
they  may  be  in  themselves,  are  sufficient  to  compensate  for  this 
class  or  errors  which  I  am  now  condemning.  It  would  have  a 
very  wholesome  effect,  therefore,  in  dealing  with  these  errors 
which  are  so  often  condoned  in  the  student's  college  work,  if  the 
instructor  would  force  upon  the  attention  of  the  student  the 
necessity  for  accuracy  in  this  respect,  and  point  out  to  him  the 
unfortuante  results  upon  his  future  career  which  such  errors 
would  produce  if  they  occurred  in  his  professional  work  after 
graduation. 

Cases  have  often  come  under  my  observation  which  show  that 
graduates  have  too  Uttle  appreciation  of  the  relations  between 
their  theoretical  knowledge  and  practice.  They  seem  to  feel 
that  practice  is  a  matter  altogether  apart  from  theory,  and  have 
no  physical  conception  of  what  corresponds  in  nature  to  their 
theoretical  information.  This,  no  doubt,  is  in  some  cases  due  to 
a  lack  of  ability  on  the  part  of  the  student  to  grasp  and  compre- 
hend his  theory,  and  in  such  cases  the  defect  cannot  be  overcome 
by  any  amount  of  training.  In  too  many  cases,  however,  I  feel 
that  it  is  partly  or  altogether  the  result  of  the  training  which  the 
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Student  received  in  the  technical  school.  This  defective  method 
of  training  might  be  illustrated  by  a  course  of  laboratory  experi- 
ments carefully  laid  out  and  described  in  a  text-book  with  which 
the  student  is  supplied.  Specially  prepared  apparatus  might  be 
set  up  and  wired  permanently  to  one  or  more  set  switchboards 
in  the  laboratory  in  such  a  way  that  the  student  might,  with  a 
minimiun  of  thought  and  effort,  and  by  following  his  text-book, 
which  carefully  describes  the  experiment,  go  through  the  form 
of  making  the  tests,  carefully  entering  the  results  of  each  test 
upon  printed  forms,  kindly  prepared  in  advance  for  him  and  hav- 
ing upon  them  a  space  in  which  to  enter  the  result  of  each  observa- 
tion. For  a  student  working  under  such  paternal  conditions,  it 
wbuld  be  well-nigh  impossible  to  fail  to  make  the  experiment  and 
record  the  result  of  his  **  laboratory  work  "  correctly.  By  such 
a  plan  as  I  have  outlined  the  student  can  complete  a  course  of 
laboratory  practice  without  having  gained  the  slightest  concep- 
tion of  the  physical  phenomena  underlying  the  experiments 
which  he  has  made,  or  of  the  relations  of  these  physical  phenom- 
ena to  the  general  laws  which  he  has  learned  in  connection  with 
his  theoretical  work.  While  juch  conditions  as  I  have  outlined 
might  seem  to  represent  a  state  of  affairs  not  existing  in  any  of 
our  technical  schools,  nevertheless,  it  is  to  be  feared  that  in  many 
cases  too  great  an  approach  to  them  has  been  made. 

If  the  few  ideas  which  I  have  here  expressed  are  understood  in 
the  spirit  in  which  they  are  intended,  there  will  be  little  danger 
of  my  being  considered  a  hostile  critic  of  the  engineering  school 
and  its  graduates.  So  high  is  my  appreciation  of  the  work  of  our 
American  engineering  schools,  and  so  warm  is  my  regard  for 
their  graduates,  that  I  wish  to  guard  against  that  little  danger. 
This  I  feel  I  can  best  and  most  briefly  do  by  stating  that  with 
rare  exceptions  the  possession  of  an  engineering  school  training 
is  a  requisite  for  entrance  to  my  own  office  work,  and  the  net 
result  of  my  experience  with  engineering  graduates  shows  that 
the  training  which  they  receive,  notwithstanding  its  imperfec- 
tions, is  of  great  value  to  them  and  to  those  for  whom  they  work. 


A  paptr  presented  at  the  20th  Annital  Convent'tov.  of 
the  American  Institute  of  Electrical  Engineers  ^ 
yiaznra  Falls,  N.  Y.,  July  3.  1903.  


PROPER    QUALIFICATIONS    OF    ELECTRICAL    ENGI- 

NEERIN.G    SCHOOL    GRADUATES,    FROM    THE 

MANUFACTURER'S  STANDPOINT. 


BY  L.  A.  OSBORNE. 


Any  short  paper  having  for  its  subject  the  educational  needs  of 
a  student  of  engineering  must  necessarily  be  limited  to  the  par- 
ticular requirements  to  be  met.  It  is  therefore  proper  to  state  in 
the  beginning  that  the  writer  has  in  mind  the  requirements  of  a 
particular  industr>'  and  his  views  are,  on  that  account,  influenced 
by  the  environment  with  which  he  is  most  familiar. 

It  is  probable  that  the  majority  of  young  men  who  enter  upon 
a  course  of  engineering  in  one  of  oiu*  technical  schools  rarely 
have  expectations  of  devoting  thpir  energies  to  engineering  pure 
and  simple.  My  experience  has  shown  that  the  average  young 
engineer  rather  expects  that  his  preliminar>'  training  and  educa- 
tion will  be  of  assistance  to  him  in  obtaining  a  foot-hold  with  the 
<;ommercial  side  of  industries  which  are  based  upon  engineering 
practice.  It  is  not  obvious,  in  seeking  for  reasons  for  this  atti- 
tude, whether  our  engineering  courses  are  based  upon  the  assump- 
tion that  the  industrial  world  requires  business  men  with  a  tech- 
nical training  or  whether  the  supposedly  larger  emoluments 
which  come  to  men  of  affairs  rather  than  to  specialists  and 
designers  have  their  effect  in  diverting  the  energies  of  young  men 
after  they  have  departed  from  the  influences  which  surround  them 
in  their  academic  career,  but  I  believe  that  the  latter  form  is  the 
determining  factor.  However  that  may  be,  my  experience  is,  that 
of  all  the  technical  graduates  who  obtain  employment  with  the 
industr>'  with  which  I  am  connected,  not  more  than  one  in  ten  is 
fitted  either  by  temperament  or  education  to  take  up  with  success 
the  work  of  pure  engineering. 

Temperament  undoubtedly  has  a  great  deal  to  do  with  it,  and 
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the  tendency  of  modem  industries  to  demand  technical  training 
of  men  in  its  commercial  departments  undoubtedly  has  the  effect 
of  inviting  men  to  take  the  technical  courses,  where,  if  there  were 
not  that  incentive,  they  would  have  devoted  themselves  ta  some 
other  line  of  activity.  There  is,  therefore,  graduated  every  year 
a  large  body  of  men  who  are  added  to  the  engineering  profession 
but  who  are  not  properly  fitted  to  deal  with  engineering  qtiestion& 
broadly. 

On  the  other  hand,  the  authors  of  the  courses  which  these  men 
have  followed  have  generally  not  pretended  or  considered  any 
other  probability  than  that  the  students  are  to  become  engi- 
neers pure  and  simple.  There  has  consequently  been  turned  out 
a  body  of  men  who  by  inclination  are  not  prepared  to  follow 
the  so-called  drudgery  of  the  profession.  At  the  same  time  they 
have  been  given  little  instruction  or  special  preparation  for  the 
lines  of  work  into  which  they  will  obviously  drift. 

I  cannot  but  believe  that  before  the  majority  of  men  have  com- 
pleted a  four  years*  course  in  college  they  have  given  some  indica- 
tion to  the  faculty  of  their  ultimate  tendencies.  It  seems 
desirable,  therefore,  either  to  differentiate  between  the  different 
classes  of  men,  with  the  result  that -each  will  be  better  pre- 
pared for  the  work  which  it  will  ultimately  be  called  upon 
to  do  in  the  world,  or  better  still  to  broaden  out  the  courses 
in  certain  particulars  to  the  end  that  the  whole  body  of  engi- 
neers will  enter  upon  their  work  with  a  fuller  comprehension 
of  its  duties  and  its  opportunities. 

I  am  quite  aware  that  financial  and  physical  limitations  will 
always  prevent  anything  more  than  an  approximation  to  an 
ideal.  I  know  from  personal  contact  with  many  of  our  edu- 
cators that  they  are  fully  awake  to  the  growing  demands  of 
the  profession,  and  that  generally  the  most  earnest  efforts  are 
being  made  to  meet  these  ever-increasing  requirements.  My 
remarks  should  therefore  be  taken  in  the  spirit  in  which  they  are 
:  iven,  that  is,  not  as  captious  criticism  of  existing  methods,. 
hut  as  an  endeavor  to  point  out  conditions  toward  which  it 
mi^^ht  be  considered  desirable  to  work. 

In  considering  whether  the  training  of  the  modem  engineer 
is  adapted  to  the  demands  which  will  be  made  upon  him  later, 
we  should  bear  in  mind  certain  latter  day  tendencies  which  have 
largely  corre  about  throuci^h  engineering  practice. 

There  was  a  tin:e  in  tlie  history  of  manufacturing  when  its 
activities  were  directed  larrjely  by  men  who  had  grown  up  fro.n 
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apprentices  in  the  shops  and  who  were  primarily  machinists  and 
workmen.  The  work  of  modem  engineering  has  resulted  in  the 
<ievelopment  of  enormous  industries  requiring  skill,  intelligence, 
knowledge  and  a  high  order  of  administrative  ability,  which 
were  entirely  unnecessary  in  the  days  of  small  shops  and  lim- 
ited organizations.  It  has  followed  that  the  problems  incident 
to  this  great  industrial  development  have  been  more  than  the 
limited  education  and  intelligence  of  the  old-time  shop  super- 
intendent could  cope  with. 

The  inventions  and  discoveries  which  have  revolutionized  mod- 
-em  industrial  practice  have  been  made  by  comparatively  few 
men.  The  activities  consequent  upon  these  inventions  and 
•discoveries  require  an  army  of  trained  men  to  supervise  and 
direct  them.  It  is  in  this  army  that  the  avera^^e  engineer  can 
hope  to  find  an  outlet  for  his  best  talents.  I  am  not  now  speaking 
of  the  few  men  who,  by  temperament  and  by  making  the  best  use 
of  the  opportunities  offered  in  the  technical  schools,  will  ulti- 
mately develop  into  world-recognized  engineers,  but  of  that 
^reat  body  of  men  trained  in  engineering,  who  must  look  to  the 
more  general  fields  for  a  proper  environment  in  which  to  exercise 
their  abilities. 

In  this  short  paper  it  is  not  my  intention  to  do  more  than 
to  point  out  suggestive  thoughts,  hoping  that  the  discussion, 
which  is  always  more  important  than  the  paper  itself,  will  bring 
forth  the  opinions  of  our  members  on  this  question,  and  will  do 
much  to  aid  us  .in  defining  our  views  upon  the  subject. 

Considering  the  field  of  manufacturing,  -t  is  my  experience  that 
not  one  engineering  graduate  in  a  hundied  ever  looks  to  that  as 
holding  forth  anything  attractive  as  a  scene  of  his  future  labors. 
Manufacturing  to-day  in  any  industry  is  a  proper  field  for  an 
engineer.  It  is  unnecessary  for  me  to  set  forth  the  countless 
opportunities  which  any  manufacturing  concern,  be  it  great  or 
small,  offers  for  the  exercise  of  engmeenng  judgment. 

It  is  true  that  our  technical  schools  devcte  a  certain  portion  of 
their  time  to  "  shop  work,"  and  endeavor  to  give  to  the  engineer- 
ing student  a  certain  facility  in  the  manipulation  of  tools,  both 
hand  and  machine;  but  it  is  very  seldom  that  the  school  makes 
any  serious  attempt  to  take  up  the  larger  question  of  the  adapta- 
tion of  tools  to  special  purposes  or  give  instruction  in  general  in 
the  principles  which  underlie  the  tool  organization  of  a  shop.  Con- 
sequently, the  student's  interest  is  not  stimulated,  and  the  major- 
ity of  the  technical  school  graduates  leave  college  with  but  very 
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hazy  notions  either  of  the  ftinction  of  tools,  the  principles  of  their 
design,  or  the  machine  organization  of  a  shop.  In  connection 
with  manufacturing,  it  is  also  certain  that  a  more  thorough 
knowledge  of  works  organization  as  applied  to  the  personnel 
Would  not  only  stimulate  the  interest  of  the  student  in  this  most 
attractive  field,  but  would  be  of  the  greatest  importance  to  his 
future  employers,  the  industrial  concerns  throughout  the  land. 

Almost  without  exception  an  engineering  graduate  enters  a 
machine  shop  in  utter  ignorance  of  the  principles  which  should 
underlie  its  organization  and  personnel.  It  is  true  that  familiar- 
ity in  these  lines  comes  largely  from  experience,  but  it  is  also  true 
that  there  are  large  fundamental  facts  underlying  all  successful 
examples  of  shop  practice  and  shop  organization,  the  knowledge 
of  which  should  be  of  the  utmost  value  to  an  engineering  student. 

The  man  whose  work  is  the  supervision  of  manuf-acturing 
processes  should  also  have  a  competent  knowledge  of  works 
accounting.  Works  accounting  based  upon  general  accounting 
practice  is  a  closed  book  to  the  average  student  of  engineering. 
I  have  been  unable  to  find  in  the  curriculum  of  any  technical 
school  that  I  have  examined  any  course  of  study  which  re- 
motely suggests  that  this  would  be  desirable  knowledge  for  an 
engineer.  Shop  accounting  is  not  a  matter  for  the  ordinary 
expert  accountant  to  deal  with.  The  man  who  knows  the 
cost  of  his  product — and  upon  this  knowledge  success  abso- 
lutely depends — must  apply  the  fundamental  laws  of  account- 
ing to  the  particular  cases  with  which  he  has  to  deal.  There  is 
no  more  important  knowledge  required  of  a  works  manager  than 
an  adequate  knowledge  of  proper  accounting  methods.  In 
criticism  of  this  it  might  be  said  that  ordinary  accounting  and 
bookkeeping  is  a  subject  which  any  intelligent  man  might  readily 
master;  but  my  opinion  is  that  it  would  be  much  better  for  our 
engineering  courses  to  recognize  the  important  relation  wliich 
this  branch  of  knowledge  has  to  modem  engineering  work,  and 
the  advantage  of  including  it  in  the  curriculum  would  lie  in 
bringing  the  importance  of  the  subject  prominently  to  the 
student's  attention. 

All  engineers,  if  they  expect,  as  all  do,  to  achieve  prominence  in 
their  profession,  must  sooner  or  later  come  in  contact  with  labor. 
There  is  no  more  vital  subject  facing  the  industrial  world  to-day 
than  the  relations  between  employers  and  labor.  Every  engineer 
may  hope  sooner  or  later  to  be  an  employer  of  labor.  To  enable 
the  engineering  student  to  understand  the  economic  laws  which 
govern  the  relations  between  employers  and  labor  would  add 
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enormously  to  his  value  in  a  general  way.  The  engineering 
student  to-day  has  no  insight  into  these  questions  except  as  he 
may  gather  his  opinions  through  the  newspapers  or  through  such 
desultory  reading  as  he  may  choose  to  do.  The  result  is  that 
he  is  not  brought  to  an  appreciation  of  the  enormous  influ- 
ence which  this  question  must  have  on  our  future  industrial 
progress.  A  course  which  would  bring  to  the  students*  atten- 
tion the  history  of  the  relations  between  capital  and  labor  and 
the  economic  laws  relating  thereto  would  be  suggestive  and 
call  to  his  attention  vividly  its  importance,  and  arouse  in  him  a 
realization  that  this  is  a  question  which  he  some  day  might  be 
called  upon  to  treat  intellignetly. 

On  the  commercial  side,  all  engineers  must  come  in  contact 
with  the  problems  which  introduce  questions  of  business  prac- 
tice. The  consulting  engineer,  the  engineering  salesman,  and 
the  designing  engineer  will,  sooner  of  later,  be  called  upon  to 
enter,  either  directly  or  for  his  employers,  and  clients,  into 
contractual  relations.  As  it  stands  to-day  the  engineering 
student  leaves  college  with  the  haziest  notions  of  ttie  principles 
underlying  the  law  of  contracts.  Under  the  circumstances  it 
would  seem  well  if  our  engineering  courses  included  a  short 
course  of  law  in  its  relation  to  contracts. 

It  may  be  said  that  all  these  things  have  nothing  to  do  with 
engineering.  This  is  partly  true,  but  my  plea  is  for  engineers 
with  broader  horizons.  Our  technical  schools  to-day  are  admir- 
ably fitted  to  turn  out  men  who  are  well  groimded  in  the  funda- 
mentals of  engineering.  As  a  rule  they  are  good  mathematicians, 
electricians,  chemists,  and  physicists,  and  have  all  the  technical 
groundwork  necessary  for  pursuing  the  profession,  but  they  are, 
as  a  class,  woefully  lacking  in  comprehension  of  many  of  the 
subjects  which  are  inseparably  connected  with  the  practice  of 
the  profession. 

I  believe  that  much  of  the  manual  training,  which  now  occu- 
pies such  a  large  proportion  of  the  '*  actual  hours  work  **  in  the. 
courses  of  most  technical  schools  could  be  replaced  with  profit  by 
lectures  on  subjects  related  to  those  which  have  been  mentioned 
in  this  paper. 

No  attempt  has  been  made  within  this  short  paper  to  do  more 
than  touch  upon  what  have  appealed  to  the  writer  as  the  more 
important  and  most  noticeable  qualities  lacking  in  the  mental 
equipment  of  the  average  technical  graduate  with  whom  he 
comes  in  contact. 
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Discussion. 

Professor  Goldsborough: — I  am  not  prepared  to  admit  that 
the  practical  men  always  tell  us  what  we  want  to  know  or  what 
they  would  tell  us  if  they  properly  appreciated  the  conditions. 
The  educatorsK)f  the  country  have  worked  hard  and  have  worked 
well  to  provide  engineering  courses  that  would  meet  the  demands 
of  practical  engineering,  and  they  have  done  it.  Because  the 
boys  graduate,  go  out  into  practical  life,  and  do  not  fall  down. 
That  is  the  measure.     They  do  not  fall  down. 

Now,  to  refer  to  some  of  the  points  made — Mr.  Gherardi  has 
taken  up  the  matter  of  teUing  us  what  we  should  give  the  tele- 
phone engineering  students  to  do.  During  the  last  few  years  I 
have  been  working  on  a  course  for  telephone  engineers,  which  is 
now  published  in  the  catalogue  of  Purdue  University.  I  have 
talked  to  almost  every  engineer  of  prominence  in  the  Bell  Tele- 
phone Company.  I  have  talked  with  almost  every  prominent 
telephone  engineer  in  the  independent  field ;  I  have  talked  with 
the  managers  of  telephone  plants,  with  the  presidents  of  the 
plants,  all  along  during  two  years.  I  have  conscientiously  gone 
among  them,  and  the  course  that  we  give  you  is  what  they  said 
they  wanted,  and  nothing  else.  It  is  being  administered  by  a 
practical  man;  a  man  who  was  taken  right  out  of  the  field;  and 
some  of  the  telephone  people  are  mighty  anxious  lest  he  tell 
those  students  something  that  they  do  not  want  them  to  know. 

Now,  Mr.  Gherardi  has  told  us  what  we  should  give  the  men  in 
telephone  engineering;  that  they  should  have  all  that  electrical 
engineers  now  have,  and  then  that  they  should  have  a  whole  lot 
more  besides.  And  he  ha.*-  not  told  us  where  the  time  for  all  that 
is  coming  from.  He  has  not  told  us  that  the  young  men  of  this 
country  who  are  growing  up  and  who  are  going  to  be  the  bone 
and  sinew  of  the  engineering  profession,  are  young  men  without 
financial  means.  They  are  not  the  fellows  who  have  been  brough 
up  in  rich  families.  They  come  right  out  of  the  backwoods  and 
they  have  no  advantages.  But  they  persevere,  they  materialize, 
and  they  are  put  in  charge  of  the  most  important  work  of  these 
big  companies. 

Now,  as  to  the  best  training  for  a  business  man.  It  is  not  the 
literary  training.  The  best  training,  in  my  judgment,  that 
exists  to-day  for  a  business  man  is  the  engineering  training, 
because  it  comes  more  nearly  up  to  the  standard  of  meeting 
commercial  requirements.  We  should  have  in  a  few  years  a 
good  course  which' will  teach  commercial  business  engineering. 
I  say  "  business  engineering  **  for  the  reason  that  all  of  the  great 
work  of  the  future  is  going  to  be  very  largely  engineering  of  one 
kind  or  another. 

Professor  Jacob y: — It  may  be  of  interest  to  some  of  the 
practicing  engineers,  if  they  have  not  followed  closely  the 
recent  developments  in  our  courses  of  instruction,  that  in 
several  of  our  institutions  of  learning  courses  of  study  are  sug- 
gested, by  which  the  student  may  obtain  the  college  course 
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and  the  engineering  course  in  six  years,  by  properly  electing 
the  work  in  physics,  chemistry;  geology  and  other  subjects 
in  such  a  way  that  when  he  gets  his  degree  of  A.B.  at  the  end 
of  four  years,  he  will  also  have  completed  two  years  of  the  en- 
gineering course. 

Professor  A.  F.  Ganz: — I  feel  it  my  duty  to  say  in  reply  to 
Mr.  Osborne's  paper  that  at  the  Stevens  Institute  of  Technology 
during  the  past  year  a  Department  of  Business  Engineering  was 
inaugurated.  Two  lectures  a  week  were  given  by  President 
Humphreys  to  the  seniors  on  matters  of  shop  accounting,  de- 
preciation, statistics,  laws  of  contracts  and  general  business 
methods.  The  value  of  this  business  training  is  well  recognized 
at  the  Stevens  Institute  and  we  would  like  to  give  more  of  it 
but  lack  the  time.  Our  curriculum  is  full.  Every  available 
hour  is  taken,  and  we  are  doing  all  that  we  can  do. 

In  reply  to  Mr.  White's  paper  and  the  suggestion  that  English 
could  be  taught  to  good  advantage  by  requiring  reports  on 
laboratory  and  other  work,  I  would  like  to  say  that  to  make  these 
reports  valuable,  it  is  necessary  that  they  should  be  very  care- 
fully corrected  by  the  instructors,  both  for  technical  matter  and 
for  English,  handed  back,  rewritten  by  the  student,  handed  in 
again,  and  this  process  continued  if  necessary  until  the  report  is 
satisfactory  in  every  respect.  Unless  this  is  done  the  work  of 
writing  reports  is  of  little  value  as  an  exercise  in  English.  We  are 
dointy  some  of  this  work  and  hope  to  do  more,  but,  as  I  said  before, 
the  time  is  limited. 

Another  part  of  our  course  which  brings  the  students  into  close 
contact  with  practical  matters  is  making  inspection  trips  to 
power  plants  and  shops  where  they  see  how  work  is  done.  In 
addition  to  numerous  short  trips  to  take  our  senior  students 
every  year  on  a  ten  days'  trip,  visiting  such  places  as  the  West- 
inghouse  and  the  General  Electric  Works,  various  railroad  and 
machine  shops  and  povsrer  plants.  We  come  here  to  Niagara  to 
see  the  electrical  devel9pments.  To  make  these  trips  of  the 
greatest  value  it  is  necessary  in  my  opinion  to  give  lectures  before 
each  trip,  illustrated  with  lantern  slides,  so  that  for  example 
when  a  student  sees  a  particular  generator  in  a  power  house  he 
knows  how  it  is  constructed  and  when  he  goes  down  a  wheel  pit 
and  sees  the  casing  of  a  turbine  he  knows  how  that  particular 
turbine  is  constructed.  I  think  that  this  kind  of  work  is  very 
important  and  together  with  the  work  in  the  laboratories  brings 
the  student  as  close  to  practice  as  we  can  hope  to  do  in  a  technical 
school. 

Professor  Caldwell: — I  very  greatly  appreciate  these  papers 
by  practical  men  upon  the  question  of  engineering  education. 
For  the  most  part  I  do  not  think  that  the  views  expressed  differ 
very  widely  from  those  held  by  engineering  professors,  but  they 
are  certainly  of  great  value  to  us  for  use  with  our  students  as 
evidence  of  the  needs  of  the  practical  man. 

The  student  is  very  apt  to  take  the  view  that  the  details  are 
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the  all-important  thing,  and  he  is  inclined  to  feel  that  he  is  being 
defrauded  if  he  gets  a  large  amount  of  this  more  general  training, 
and  to  be  able  to  point  to  these  papers  as  evidence  of  the  import- 
ance of  that  class  of  work  is  very  valuable.  I  wish,  however,  to 
insist  that  the  great  difficulty  that  presents  itself  to  the  engineer- 
ing professor  is  not  what  things  would  be  desirable  in  the  course, 
but  what  things  should  be  left  out  of  the  course  m  order  to  get 
these  other  desirable  things  in.  I  wish  that  practical  engineers 
who  give  us  such  papers  as  this  would  give  us  some  views  on  that 
subject.  It  does  very  httle  good  to  tell  us  that  it  would  be 
desirable  to  have  all  these  additional  subjects.  We  already  know 
most  of  that  ourselves.  But  we  do  not  know  what  to  leave  out 
or  what  to  condense  in  order  to  put  these  subjects  in.  We  do 
not  feel  that  the  practical  engineer  would  be  satisfied,  to  have  us 
leave  out  anything  that  we  are  giving  now.  To  be  sure,  the 
subject  of  manual  training  has  been  mentioned,  and  it  has  been 
suggested  that  that  might  be  cut  down.  In  some  institutions 
that  may  be  so,  but  in  many  of  the  engineering  schools  at  present 
the  manual  training  m  shop  work  is  reduced  to  what  seems  to  be 
a  minimum,  just  enough  so  that  the  student  will  have  an  idea  of 
the  use  of  tools  and  how  they  are  to  be  applied  in  carrying  on 
engineering  work. 

Mr.  Hugo  Diemer: — I  wish  to  confine  my  few  remarks  to 
Mr.  Osborne's  paper  only.  It  has  for  some  years  seemed  to  me 
that  we  needed  in  the  shop  work  in  our  schools  an  opportunity 
for  giving  the  students  more  in  the  way  of  a  careful  study  of 
sequences  of  operation,  of  cuts,  of  speeds  and  of  the  best  adapta- 
tion of  tools  to  specific  work.  It  seems  to  me  that  the  mtroduc- 
tion  of  this  work  is  so  important  that  it  should  be  taught,  even  if 
it  required  the  laying  out  of  a  smaller  number  of  distinct  shop 
exercises.  Another  point,  in  my  own  experience  in  teaching 
machine  design  to  mechanical  engineers,  I  have  required  the 
students  to  prepare  a  complete  bill  of  material  of  the  parts, 
together  with  an  estimate  of  weight  and  cost  of  material,  and  a 
discussion  of  the  details  of  tools  and  processes  required  in  turning 
out  the  design.  With  regard  to  the  question  of  shop  accounting 
and  questions  having  to  do  with  methods  of  compensating  labor, 
I  beheve  that  at  the  persent  day  the  mechanical  engineering 
departments  of  several  of  our  leading  institutions  offer  courses 
in  this  work,  calling  them  sometimes  by  the  name  of  *'  factory 
organization,"  sometimes  "  factory  systems,"  sometimes  "  shop 
economics."  I  have  for  several  years  given  a  term's  course  in 
this  work,  covering  five  hours  per  week,  which  involves  consider- 
able collateral  reading  of  current  engineering  literature  by  the 
students.  It  seems  very  desirable  that  students  in  electrical 
engineering  should  also  join  in  such  classes  since  so  large  a 
number  of  the  men,  according  to  Mr.  Osborne's  will  be  engaged  in 
the  manufacturing  branch  of  the  electrical  field.  This  fact  is 
too  often  not  realized  by  the  students  themselves.  We  all  know 
that  a  student,  upon  graduation,  seems  very  much  disappointed 
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if  he  doesn't  get  immediately  into  the  field  of  testing  or  designing. 

Both  instructors  and  students  have  failed  to  give  due  attention 
to  the  constructive  branch  of  engineering,  and  to  the  principles 
and  methods  essential  to  the  most  successful  execution  of  the 
work.  It  is  fortunate  that  the  importance  of  this  branch  is 
emphasized  by  a  man  in  Mr.  Osborne's  position,  who  is  both 
electrical  engineer  and  manufacturer.  i 

I  would  also  advocate  in  addition  to  the  methods  already 
suggested,  that  students  be  given  prdctical  experience  in  the  use 
df  representative  methods  of  factory  accounting  and  management 
in  the  school  shops.  I  have  suggested  before  the  Society  for 
Promotion  of  Engineering  Education  in  a  paper  on  **  Education 
for  Factory  Management  "  that  certain  of  the  upper  classmen 
act  as  foremen  and  also  as  accountants  and  critics  of  the  work, 
following  methods  of  organization  employed  in  best  commercial 
practice.  It  may  be  true  that  this  would  be  **  playing  at 
manufacturing  "  as  it  was  called  by  a  member  commenting  on 
my  proposition.  It  is  equally  true  however,  that  all  of  our 
engineering  instruction  may  be  just  as  fairly  called  "  playing  at 
engineering."  ' 

Professor  Allen: — I  do  not  feel,  as  I  think  Professor  Golds- 
borough  may,  that  those  papers  are  unfair  or  that  they  attack 
the  engineering  professor.  If  I  understand  it,  these  gentlemen 
were  asked  to  present  their  views  as  to  what  is  desirable  in 
an  engineering  graduate.  I  do  not  understand  that  they  were 
asked  or  that  they  attempted  to  state  what  should  be  put  into 
the  courses.  They  state  what  is  desirable,  for  our  considera- 
tion, and  with  the  hope  and  expectation  that  teachers  of  en- 
gmeering  will  take  to  heart  e  very  tin  ng  that  they  say,  and  so 
far  as  possible,  bring  about  the  result*  that  to  them  seem  desir- 
able. I  should  Hke  to  state  what  I  think  is  the  problem  of  the 
educator  with  relation  to  the  student.  It  is  impossible  that  our 
engineering  schools  should  make  a  finished  engineer.  There  is 
not  time  for  that.  An  engineering  college  does  not  have  the 
facilities  or  the  opportunities  for  doing  all  that  is  necessary  to 
make  the  successful  engineer.  I  have  in  mind  the  element  of 
experience.  There  is  left,  then,  for  the  college  the  obligation  to 
provide  the  student  with  the  proper  theory,  and  to  that  work  the 
college  must  be  devoted  at  all  hazards.  But  proper  theory 
cannot  be  given  unless  it  is  united  w.th  applications,  or  what  you 
may  call  experience,  and  the  college  graduate  does,  as  a  matter 
of  necessity,  if  he  acquires  proper  theoietical  knowledge,  acquire 
quite  a  little  of  experience  in  that  way.  I  believe,  in  providing 
the  element  of  experience;  that  is.  so  much  as  is  necessary  to 
give  point  to  theory;  and  so  much  as  is  necessa  y  to  put  the 
student  graduate  in  the  way  of  gathering  the  larger  experience 
which  shall  make  him  a  complete  and  valuable  engineer. 

The  manufacturer,  I  am  inclined  to  believe,  is  oftentimes  dis- 
posed to  expect  too  much  of  the  schools.  If  there  are  the  two 
things  mentioned  to  be  done  for  the  engineer,  who  shall  do  each 
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part  of  the  work?  The  school  will  do  only  a  part.  It  cannot  do 
all.  The  manufacturer  with  the  physical  material  he  uses, 
expects  to  receive  it  in  a  certam  condition,  and  to  put  additional 
work  on  it  before  he  allows  it  to  depart  from  his  works.  I  believe 
that  there  is  another  burden  on  the  manufacturer.  Part  of  his 
outfit  is  the  young  engineer.  I  believe  he  should  put  some  work 
on  the  young  engineer. 

The  matter  of  accounting  has  been  given  as  much  attention  as 
any  other  single  subject  of  discussion  in  the  proceedings  of  our 
Society  for  the  Promotion  of  Engineering  Education.  That  an 
understanding  of  accounting  is  valuable  and  necessary  for  the 
successful  administration  of  manufacturing  enterprises  goes 
without  saying,  but  where  shall  the  work  of  training  in  this 
direction  be  done?  Are  there  facilities  existing  in  the  school  of 
engineering  to  take  up  that  work  to  the  best  advantage  ?  Should 
not  the  manufacturer  consider  it  a  part  of  his  duty  to  take  the 
engineering  graduate  who  is  turned  over  to  him  and  to  educate 
him  in  matters  of  that  k'ind,  in  the  regular  manufactory,  which  is 
a  laboratory  of  accounts,  if  you  please,  where  the  work  can  be 
done  better  than  it  can  in  the  college  of  engineering?  Without 
feeling  at  all  positive  on  that  point,  my  impression  is  that  that 
is  ^art  of  the  work  that  the  manufacturer  should  expect  to  do  in 
producing  the  engineer  whom  he  wishes  to  use.  The  school  and 
the  manufacturer  should  each  do  the  part  of  the  work  that  it  is 
best  capable  of  doing. 

Professor  Waldo: — ^With  Mr.  White's  permission,  I  would 
like  to  ask  him  why  he  retains  Latin  in  his  ideal  course  of  study 
for  the  engineer? 

Mr.  White: — I  think  that  most  of  the  papers  have  shown 
that  those  of  us  who  have  gone  into  professional  hfe  appre- 
ciate that  the  great  problem,  perhaps,  for  the  educator  to  solve 
is  how  to  do  ten  years*  work  in  four  years,  and  how  he  can 
condense  into  the  limited  time  available  a  fair  general  training 
in  **  learning  how  to  learn  '*  and  some  specific  knowledge  of 
particular  subjects.  As  to  the  suggestions  made,  I  would  not 
presume  to  dictate,  or  even  to  suggest  specifically,  to  the  edu- 
cator. I  thought  it  would  do  no  harm,  however,  to  indicate  in  a 
general  way  some  subjects  which  might  advantageously  have  pre- 
ference over  some  others,  which  are  also  important,  but,  from  our 
point  of  view,  relatively  less  important.  Latin  was  not  included 
among  those  which  are  considered  of  primary  importance,  but 
it  sliould  be  in  the  secondary  or  perhaps  in  the  tertiary  list.  It 
seems  to  me  that  students  should  decide  on  the  amount  of  time 
available.  If  they  can  take  only  studies  of  primary  importance, 
it  would  perhaps  be  better  to  omit  entirely  those  in  the  secondary 
and  tertiary  lists.  In  such  cases  it  would  possibly  be  best  to  omit 
entirely  Latin  and  French  and  to  concentrate  the  time  on  some 
of  the  more  important  studies — mathematics,  physics,  mechan- 
ics, chemistry,  and  fundamental  engineering  subjects. 

Professor  Goldsborough: — I   want  to  sav.that  I  do  not 
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feel  that  one  word  of  criticism  of  our  teachers  has  been  voiced 
in  arty  one  of  the  three  papers,  and  if  my  remarks  led  any  one 
to  think  that  I  have  that  opinion,  I  wish  now  to  say  pointedly, 
that  such  is  not  the  case.  Now,  if  the  practical  men  will  tell  us 
about  the  course  that  they  put  men  through  after  they  graduate, 
what  is  demanded  of  them  arid  the  order  in  which  it  is  demanded, 
afid  of  the  attitude  that  we  should  teach  the  student  to  hold  toward 
his  future  engineering  work,  then  they  will  be  giving  us  some- 
thing THAT  we  very  MUCH  WANT  TO  KNOW.  Mr.  White's  paper 
gives  us  a  great  deal  more  of  this  kind  of  information  than  any 
of  the  others.  It  is  of  value  in  showing  teachers  the  ends  for 
which  they  must  develop  their  students. 

Professor  H.  S.  Carhart: — I  should  like  to  call  attentio*: 
briefly  to  another  phase  of  engineering  education  which  has  not 
been  alluded  to  directly.  It  seems  to  me  that  there  is  no 
necessity  for  having  a  differentiation  in  engineering  training  in 
the  schools — the  differentiation  should  come  in  practice,  after 
the  man  is  through  with  the  technical  schools.  And  I  have 
a  few  times  made  a  suggestion  privately  which  I  am  going  to 
repeat,  and  which  has  met  with  considerable  favor  from  en- 
gineers. It  is  evident  that  more  time  is  needed  for  the  training 
of  the  engineer.  It  has  been  my  practice  in  the  little  work 
that  I  have  done  in  engineering  education,  to  insist  upon  it  that 
we  should  teach  principles,  with  enough  of  the  laboratory  or  the 
shop,  as  has  been  said,  to  give  point  to  those  principles,  to 
connect  them  with  real  practical  affairs,  and  not  to  let  the  labor- 
atory or  the  shop  encroach  upon  the  valuable  time  of  the  student 
further  than  this;  and  1  have  been  greatly  gratified  when  our 
students  have  returned,  after  one  or  more  years'  experience  out- 
side, to  have  them  say  of  their  own  accord  that  this  plan  is  right, 
that  they  can  get  more  experience  in  practical  affairs  in  six 
weeks  in  a  large  manufacturing  establishment  than  they  could 
get  in  college  in  four  years.  The  point  I  wish  to  make  is  this, 
that  instead  of  trying  to  make  a  complete  mechanical,  civil,  elec- 
trical, marine,  telegraph,  telephone,  or  any  other  sort  of  engineer 
in  a  training  school,  we  should  arrange  the  course  if  possible 
so  as  to  make  an  engineer.  (Applause.)  Let  him  apply  the 
adjective  after  he  gets  into  his  practical  experience.  In  other 
words,  it  seems  to  me  that  it  should  be  the  effort  to  lay  a  broad 
foundation  in  those  subjects  which  the  engineer  must  have  to 
build  upon.  Now,  as  you  are  perfectly  well  aware,  a  man  gradu- 
ates as  a  mechanical  engineer  and  goes  out  and  practices  electri- 
cal engineering;  graduates  as  a  civil  engineer,  or  in  the  civil 
engineering  course,  and  goes  out  and  practices  electrical  engineer- 
ing: and  so  on  around  the  whole  series.  In  other  words,  it  is 
almost  never  possible  to  tell  during  a  man's  college  course  in 
what  field  he  is  going  to  work  when  he  gets  through.  So  that  if 
we  could  return  to  the  old  practice  of  dividing  engineering  into 
two  classes,  which  used  to  be  military  and  civil  engineering,  as 
you  are  well  aware,  make  engineers  of  one  or  the  other  of  those 
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divisions,  and  have  a  five  year  course  in  which  to  do  it,  ynder 
the  high  pressure  which  seems  to  be  coming  into  vogue  now  for 
all  sorts  of  transmission  of  energy,  possibly  we  could  put  into 
the  course  what  would  satisfy  everybody. 

Mr.  Rushmore: — My  remarks  are  from  the  standpoint  of  a 
man  in  an  engineering  office  who  has  had  to  examine  many 
possibilities  to  obtain  assistance  in  the  performance  of  such  work. 

College  courses  should  tend  to  develop  character  as  well  as 
intellect.  Men  should  have  initiative,  originaHty,  self-reliance, 
observation,  and  above  all,  accuracy. 

The  amount  of  information  which  a  graduate  possesses  is  not 
of  great  importance  in  comparison  with  an  ability  to  obtain  it 
quickly.  Principles  should  be  taught  thoroughly.  Enough 
applications  come  later. 

It  would  express  my  idea  that  a  college  education  should  not 
be  taken  as  complete  in  itself  but  as  the  foundation  for  what 
comes  afterwards. 

Professor  William  Kent: — The  criticism  made  by  Mr. 
Osborne  is  the  same  that  we  have  heard  for  the  last  25  years ; 
that  is,  a  criticism  of  the  college  graduate  because  he  doesn't 
know  enough.  There  are  two  kinds  of  college  graduates:  First, 
the  one  who  is  just  freshly  out  of  college  and  who  does  not  know  a 
great  deal,  and  secondly,  the  man  who  has  taken  a  post-graduate 
course  in  the  works  **  in  overalls  and  grease,"  as  I  believe  the  ex- 
pression is.  I  do  not  think  the  criticisms  Mr.  Osborne  makes  will 
hold  as  to  the  second  class  of  graduates ;  those  who  have  taken  five 
years'  shop  experience  after  graduation  and  have  specialized  in 
telephony,  business,  engineering  accounting  or  some  other 
branch,  I  do  not  believe  that  these  criticisms  apply  to  that 
kind  of  graduates.  Now,  the  requirements  for  an  engineer,  not 
an  engineering  student,  but  an  engineer,  which  are  laid  down  in 
Mr.  Osborne's  paper,  are  the  qualifications  of  a  man  not  less  than 
40  years  of  age,  with  an  experience  of  at  least  15  years  after  he  is 
graduated. 

President  Scott: — Mr.  Osborne  will  not  have  attained  that 
age  himself  for  four  or  five  years. 

Professor  Kent: — Well,  he  is  asking  for  more  than  he  has 
himself  then,  in  these  graduates.  We  must  not  expect  too  much 
from  these  immature  minds,  the  recent  college  graduates.  What 
the  student  gets  in  the  college  course  is  the  mental  training  which 
prepares  him  to  begin  this  post-graduate  course  **  in  overalls  and 
grease,"  and  the  two  courses  will  finally  lead  to  what  Mr.  Osborne 
wants. 
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THE  TYPICAL  COLLEGE  COURSES  DEALING  WITH  THE 

PROFESSIONAL  AND  THEORETICAL  PHASES  OF 

ELECTRICAL  ENGINEERING. 


BY  DUGALD  C.  JACKSON. 


At  the  Chicago  meeting  of  the  American  Institute  op  Elec- 
trical Engineers  held  eleven  years  ago,  I  presented  a  paper 
relating  to  the  subject  now  imder  disctission.  The  proposed 
subject  then  apparently  created  some  consternation  amongst 
the  members  of  the  committee  on  papers,  who  seemed  to  fear 
that  it  was  not  of  sufficient  interest  to  the  Society.  The  old 
prejudice  still  held  against  **  college  men  **  in  the  minds  of  so- 
called  **  practical  men/'  who  had  grown  influential  in  engineering 
practice  without  having  had  experience  of  college  life  and  train- 
ing. Happily,  the  foundation  for  this  prejudice  has  ere  this  been 
destroyed  through  the  influence  of  the  industrial  results  achieved 
by  college  mej^.  The  old  prejudice,  so  far  as  it  now  exists,  has 
more  particularly  drifted  into  the  way  of  criticism  of  the  engineer- 
ing schools  rather  than  of  their  graduates,  and  the  character  of  the 
schools  and  the  training  they  afford  are  subjects  of  eager  discus- 
sion in  engineering  circles. 

This  extended  interest  now  manifested  in  the  work  of  the 
engineering  schools  produces  a  situation  which  may  be  of  great 
usefulness  to  the  schools.  The  character  of  a  college  may  be 
that  which  its  alumni  determines,  and  any  engineering  school 
may  be  improved  by  thoughtful  suggestions  and  broadly  con- 
sidered criticisms  emanating  from  its  alumni  and  others  who 
have  its  best  interests  at  heart. 

Two  fundamental  propositions  must  be  held  clearly  in  view  in 
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all  such  cirticisms,  if  they  are  to  be  of  service  to  the  educational 
administration  of  the  engineering  colleges: 

1.  That  is  the  business  of  these  colleges  to  train  young  men 
into  fertile  and  exact  thinkers  guided  by  common  sense,  who  have 
a  profound  knowledge  of  natural  laws  and  the  means  for  utilizing 
natural  forces  for  the  advantage  of  man.  In  other  words — it  is 
the  business  of  the  engineering  colleges  to  produce,  not  finished 
engineers,  but  young  men  with  a  great  capacity  for  becoming 
engineers,  the  goal  being  obtained  by  the  graduate  only  after 
years  of  development  in  the  school  of  life. 

2.  The  problem  to  be  met  by  the  engineering  colleges  is  more 
particularly  a  problem  in  how  to  properly  train  to  the  stated 
purpose.  The  names  attached  to  the  subjects  taught  are  not 
so  important  as  the  results  produced  by  the  teaching;  namely, 
the  effect  produced  on  the  students*  powers.  This  is  a  teacher's 
problem:  a  question  of  pedagogy,  rather  than  of  the  engineering 
profession.  It  must  be  met  with  all  the  directness  and  power 
of  the  engineer's  best  efforts,  but  it  cannot  be  solved  as  solely 
relating  to  the  engineering  profession.  Much  error  on  this 
point  lies  m  the  minds  of  many  who  assume  the  part  of  critics 
of  the  cumcula  of  the  engineering  schools. 

In  this  connection  I  may  be  permitted  to  point  out  that  propo- 
sals set  up  as  apparently  new  in  the  presidential  address  one  year 
ago,  by  President  Steinmetz  of  the  American  Institute  of  Elec- 
trical Engineers,  have  for  many  years  been  largely  included 
within  the  ideals  of  numerous  American  colleges  of  engineering. 
It  must  be  admitted  that  only  few  of  the  engineering  schools  are 
living  up  to  their  better  ideals.  This  is  partially  due,  on  the  one 
hand,  to  personal  or  institutional  ambitions  which  father  the  sen- 
sational or  spectacluar  and  thereby  inevitably  ruin  good  teaching, 
and  on  the  ot!ier  hand,  to  the  meagre  support  both  in  encourage- 
ment and  funds  which  I  have  noticed  is  the  lot  of  the  engineering 
scIioOiS  attached  to  many  universities.  The  latter,  like  the  for- 
mer, is  often  the  result  of  personal  prejudices  or  ambitions. 

I.lost  of  the  faults  which  are  so  trenchantly  and  indiscriminate- 
ly charrjed  to  engineering  colleges  by  many  engineers,  should,  so 
far  as  they  are  real,  be  laid  to  the  pedagogical  inexperience  and 
faulty  ambitions  of  the  authorities  of  the  many  colleges ;  and  ex- 
ception should  be  made  of  the  few  of  the  first  rank  in  which  it  is 
safe  to  say  that  the  ideals  are  high  and  well  centered  and  the  ad- 
ministrative organizations  hold  the  ideals  continuously  in  view. 

The  query  here  naturally  arises:  '*  Of  what  do  these  ideals 
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properly  consist  and  how  fairly  should  they  be  met  by  the  college 
before  its  course  in  electrical  engineering  may  be  approved  as  of 
first  rank?  " 

Electrical  engineering  demands  industrial  engineers — men  with 
an  industrial  training  of  the  highest  type,  competent  to  conceive, 
organize  and  direct  extended  industrial  enterprises  of  broadly 
varied  character.  For  the  highest  success,  these  men  must  be 
keen,  straightforward  thinkers  who  see  things  as  they  are  and  are 
not  to  be  misled  by  fancies;  they  must  have  an  extended,  and 
even  profound  knowledge  of  natural  laws  (more  particularly  of 
those  relating  to  energy  which  rest  on  the  law  of  conservation  of 
energy),  an  extended  knowledge  of  the  useful  applications  of 
these  laws,  and  an  instinctive  capacity  for  reasoning  straight 
from  cause  to  effect.  Moreover,  they  must  know  men  and  the 
affairs  of  men — which  is  sociology ;  and  they  must  be  acquainted 
with  business  methods  and  the  affairs  of  the  business  world. 
Briefly,  to  reach  his  highest  influence,  each  man  must  combine  in 
one,  a  man  in  the  physical  sciences,  a  man  in  sociology  and  a  man 
of  business.  All  engineers  cannot  reach  this  high  mark,  but  the 
engineering  college  course  should  start  each  of  its  students  toward 
that  degree  of  attainment  which  his  individual  powers  will  permit. 

Michael  Faraday  (whose  conservatism  and  intellectual  clear- 
ness are  proverbial)  said  that  it  requires  twenty  years  to  **  make 
a  man  "  in  the  physical  sciences.  The  engineering  school  must 
put  each  student  in  the  way  of  becoming,  so  far  as  his  mental  and 
physical  powers  warrant,  not  only  a  man  in  the  physical  sciences, 
but  a  man  in  sociology  and  a  man  in  business  as  well ;  and  this 
must  be  done  within  the  narrow  limits  of  four  years.  It  is  clear 
that  only  the  foundations  of  *'  the  man  "  can  be  laid  in  the  pre- 
scribed time,  and  the  engineering  college  must,  therefore,  ti^oX" 
ously  hold  itself  to  the  fundamentals.  The  engineering  collcjje 
faculty  which  is  contented  to  deal  out  so-called  "  information 
courses  "  on  the  narrowly  empirical  side  of  engineering  practice, 
deals  a  wrong  to  its  students  which  they  may  not  recognize  at  the 
moment  but  which  will  ultimately  tell  heavily  against  their  suc- 
cess. 

The  students  that  enter  the  engineering  schools  of  the  West, 
and  I  presume  likewise  of  the  East,  are  from  amongst  the  most 
vigorous  minds  of  the  high  schools  and  the  preparatory  schools ; 
and  yet  it  must  be  admitted  that  they  ordinarily  possess  little 
power  of  clear  thinking,  power  of  initiative,  regard  for  accuracy, 
or  understanding  of  continuous  and  severe  intellectual  effort,  as 
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these  important  attributes  are  tmderstood  in  industrial  circles. 
They  are  not  yet  mature  in  body  and  are  less  mature  in  mind, 
the  latter  being,  I  think,  in  accord  with  the  natural  order  of 
development,  but  they  are  commonly  well  equipped  with  phy- 
sical vigor  and  latent  mental  strength.  Their  preparatory 
schooling  has  given  them  a  defective  acquaintance  with  the  con- 
struction of  the  English  language  and  the  spelling  of  English 
words,  a  still  more  defective  acquaintance  with  French  or  German 
or  a  fairly  good  grounding  in  elementary  Latin,  a  smattering  of 
civics  and  history,  a  training  in  the  elementary  principles  of 
arithmetic,  geometry  and  algebra,  from  which  the  factor  of  accu- 
racy in  application  has  often  been  omitted,  and  perhaps  an  en- 
thusiastic interest  in  the  physical  sciences. 

This  enumeration  of  the  attainments  of  the  students  entering 
the  engineering  colleges  may  perhaps  be  interpreted  as  reflecting 
on  the  seconardy  school  teachers,  but  I  wish  to  deny  vigorously 
the  validity  of  any  such  interpretation.  I  can  truthfully  say 
that,  considering  all  of  the  conditions,  there  is  no  more  pains- 
taking and  right-wishing  body  of  people  than  these  teachers. 

Many  of  the  faults  in  the  preparatory  training  of  our  engineer- 
ing college  students  are  caused  by  a  doubt  which  is  now  appar- 
ently agitating  educational  circles  on  account  of  the  question 
whether  the  high  schools  shall  be  the  **  people's  colleges  "  or  re- 
main in  the  station  of  secondary  or  **  preparatory  "  schools.  This 
doubt  is  apparently  not  yet  resolved  in  the  minds  of  the  moulders 
of  educational  thought;  but  the  traditional  old  time  secondary 
school  training  which  produced  men  who  could  spell  and  cipher 
and  who  had  received  a  thorough  and  accurate  drill  in  the  details 
of  one  language,  is  certainly  to  be  preferred  as  a  preparation  for 
an  engineering  college  course.  In  my  own  estimation,  when  ac- 
companied with  histor}'^  and  a  year  spent  in  civics  and  natural 
science,  it  is  not  only  to  be  preferred  as  a  school  course  for  prepar- 
ing the  student  for  college  but  also  as  a  course  for  those  numerous 
students  who  cannot  go  through  college. 

Taking  the  students  as  they  come  and  may  be  expected  to 
come  for  the  present,  the  electrical  engineering  course  must  in- 
clude the  following  branches  of  learning  which  are  preparatory 
to  the  more  strictly  professional  studies: 

1.  That  fuller  training  in  the  construction  of  the  English 
language  which  is  requisite  to  clear  thinking  and  clear  writing, 
preferably  accompanied  by  an  additional  language  for  added 
strength. 
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2.  The  collateral  art  of  expression  in  drawing. 

3.  Mathematics  through  an  appropriate  amount  of  calculus 
including  the  integration  and  solution  of  equations  involving 
derivatives,  and  mstruction  in  the  use  of  co- planar  vectors,  and 
perhaps  quaternion  quantities,  all  of  which  should  be  taught  as 
applied  logic  with  special  emphasis  laid  on  interpreting  the 
meaning  of  equations. 

4.  The  science  of  chemistry,  soundly  taught. 

5.  The  science  of  physics  soundly  taught,  with  particular  em- 
phasis laid  on  the  elementary  mechanics. 

6.  Applied  mechanics. 

Mechanics — the  philosophy  of  matter,  force  and  energy — is  the 
backbone  of  the  electrical  engineer's  college  training. 

Instruction  in  the  science  branches  should  be  accompanied  by 
well  conceived  and  properly  conducted  laboratory  work,  mostly 
of  quantitative  character,  accompanying  and  illustrating  the 
class  room  instruction;  and  all  instruction,  whether  in  natural 
science,  mathematics  or  languages,  should  be  under  the  direction 
of  men  who  are  engineers  or  in  full  sympathy  with  the  aims  and 
ideals  of  engineering. 

A  limited  amount  of  manual  training  may  well  accompany 
these  studies;  and  likewise,  if  time  can  be  found  for  it  without 
overburdening  the  physical  powers  of  the  student,  a  limited 
amoimt  of  proper  instruction  in  surveying  (including  the  use  of 
the  compass,  transit  and  level)  will  always  prove  a  force  for 
quickening  his  perceptions,  and,  at  the  same  time,  will  put  him 
into  possession  of  operations  of  probable  future  value. 

In  a  few  of  our  engineering  colleges  which  rigidly  demand  the 
best  preparatory  work  from  the  high  schools,  and  which  are,  at 
the  same  time,  best  manned  in  their  faculties,  not  less  than  two 
years  are  required  to  cover  the  ground  above  described,  if  the 
work  is  done  in  a  reasonably  satisfactory  manner.  But  the 
above  ground  cannot  be  covered  with  anything  like  success  in 
much  or  any  less  than  three  years,  in  the  larger  number  of  engi- 
neering schools  that  are  usually  accorded  high  rank. 

After  covering  these  branches,  it  seems  to  be  the  tendency  in 
many  colleges  to  fly  off  into  superficial  or  descriptive  courses, 
relating  to  engineering  practice,  during  the  remaining  time  of  the 
allotted  four  years.  This  is  especially  apparent  in  those  colleges 
where  the  faculties  are  ambitious  to  see  their  graduates  take 
an  immediate  place  of  considerable  responsibility  in  the  world. 
This  is  a  fault  that  destroys  much  of  the  ultimate  advantaje 
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which  the  students  may  derive  from  their  engineering  course.  It 
is  a  fault,  also^  which  casts  just  suspicion  on  engineering  educa- 
tion alike  in  conservative  academic  circles  and  in  well  informed 
industrial  circles. 

A  resort  to  mainly  descriptive  courses  of  instruction  during  the 
latter  portion  of  the  students*  life  in  college,  largely  neutralizes 
the  advantage  flowing  from  the  instruction  in  the  fundamentals 
heretofore  described.  The  students  are  yet  to  be  taught  many 
thinrjs  relating  to  engineering  life.  They  must  learn  something 
regarding  the  forms  and  formalities  relating  to  the  affairs  of  busi- 
ness life.  They  must  learn  the  characteristics  and  uses  of  mate- 
rials, their  correct  application  to  the  building  of  actual  structures, 
the  meaning  of  kinematics,  and  the  processes  of  designing  and 
using  real  machinery.  They  must  also  learn  to  reason  regarding 
the  special  principles  of  hydraulics  and  thermodynamics,  the  way 
in  which  such  principles  enter  into  the  design,  construction  and 
operation  of  machines,  and  the  manner  in  which  they  modify  the 
usefulness  of  machines  and  the  efficiencies  of  numerous  industrial 
enterprises.  Again,  they  must  learn  to  reason  clearly  and  ra- 
tionally in  regard  to  the  specific  principles  relating  to  appHed 
electricity,  including  its  widely  diverse  factors,  and  the  way  in 
which  these  principles  enter  into  every  day  practice.  And  they 
should  learn  something  of  the  history  of  the  development  of  en- 
gineering and  of  tt^e  lives  of  its  great  men,  for  the  stirring  of 
proper  ambitions. 

The  electrical  engineering  department  should  be  divided  into 
not  less  than  four  subdivisions,  comprising  respectively :  Applied 
electroma^^netism,  which  includes  the  principles  relating  to  elec- 
tromagnetic machinery  and  apparatus;  the  theory  and  practice 
of  alternating  and  variable  currents,  which  includes  principles 
relating  to  all  those  numerous  phenomena  which  accompany 
variable  current  flow;  applied  electrochemistry  and  electrometal- 
lurgy ;  and  electrical  installations,  which  includes  the  applications, 
in  engineering  practice  of  tlie  numerous  principles  to  the  design, 
construction,  operation  and  testing  of  complete  installations 
and  the  component  parts  thereof. 

The  teaching  force  of  the  department  should  afford  a  compe- 
tent expert  engineer  for  the  head  of  each  of  tliese  subdivisions, 
and  such  additional  well  trained  force  as  may  be  necessary  to 
carry  on  adequately  class  room  and  laboratory  instruction  for 
the  particular  number  of  undergraduate  and  advanced  students 
who  attend  the  college.  The  head  of  such  a  department  should 
spend  much  of  his  time  in  sup'^rvising  the  teaching  in  class-room 
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and  laboratory,  which  is  performed  by  his  various  subordinates. 

But  through  all  of  this  professional  instruction  of  the  latter 
part  of  the  course,  it  is  still  principles,  principles,  principles,  and 
rational  methods  of  reasoning  which  must  be  taught,  if  full 
justice  is  done  the  students,  until  each  student  becomes  a  man 
of  open  mind,  keen  observation,  analytical  thinking,  and  accurate 
powers  of  inference.  This  instruction  should  be  kept  close  to 
the  tenets  of  good  practicj  and  the  senses  of  the  student  s!iouU 
be  constantly  stimulated  by  illustrations  and  problems  drawn 
from  practice.  The  drill  in  reasoning  can  undoubtedly  be  best 
gained  through  rational  instruction  in  the  useful  applications  of 
scientific  T)rinciples  and  laws;  and  no  criticism  can  be  justly 
passed,  even  by  the  most  conservative  educational  circles,  be- 
cause the  graduate  is  enabled  to  earn  his  living  as  a  result  of  tliis 
training.  But  the  puiely  descriptive  should  ordinarily  be 
avoided  except  in  a  few  cases  where  it  has  a  specific  function  in 
improving  the  understanding  of  an  appilcation  of  principles  or  is 
adopted  as  a  desirable  auxiliary  to  stimulate  the  sustained  inter- 
est of  the  students  and  thus  add  vitality  to  the  teaching.  Indeed 
except  for  the  purposes  here  defined,  the  introduction  of  the 
purely  descriptive  into  the  electrical  engineering  course,  wastes 
the  students*  time  and  injures  their  training,  thus  abridging  their 
prospects  of  utlimate  breadth  and  power. 

The  typical  courses  in  electrical  engineering  which  are  to-day 
advertised  in  college  catalogues  belong  to  three  classes  or  com- 
binations thereof.  Only  the  third  of  these  may  be  acknowledged 
fairly  to  meet  the  proper  ideals  in  such  a  course.  It  is  to  be 
remembered  that  I  speak  of  professional  engineering.  No  one 
possesses  a  fuller  sympathy  with  the  ideals  of  schools  for  training 
men  for  the  mechanical  trades  short  of  engineering  and  bordering 
thereon,  but  these  schools  are  not  considered  in  my  present  dis- 
cussion . 

First,  are  courses  in  which  predominate  the  old  ti:ne  instruction 
in  physics,  with  far  more  to  do  with  the  illustration  of  the  beau- 
ties of  nature  than  with  the  great  underlying  natural  laws.  Tlie 
teaching  of  mathematics,  mechanics  and  like  ground  work  studies 
is  not  ordinarily  well  supervised  in  colleges  that  maintain  sucli 
courses  in  electrical  engineering;  because  the  administrative 
authorities  are  out  of  touch  with  the  industrial  world,  and 
mistakenly  put  the  superficial  and  spectacular  in  science  into  the 
place  of  that  sound  instruction  only  through  which  an  engineering 
course  may  be  rightly  maintained.     It  is  nee'dless  to  add  that 
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the  average  graduate  from  courses  of  this  type  is  ordinarily  of 
less  value  in  engineering  than  the  average  graduate  from  an  old 
time  classical  course  where  at  least  thoroughness  is  a  requirement ; 
and  electrical  engineering  courses  of  this  type  are  rapidly  disap- 
pearing through  a  merging  into  one  of  the  following  types. 

Second,  are  courses  in  which  the  ground  work  studies  (English^ 
mathematics,  chemistry'',  physics,  mechanics)  are  perhaps  reason- 
ably well  taught  through  the  earlier  years,  but  in  which  the 
latter  part  of  the  course  is  diverted  to  the  training  of  inex- 
perienced students  for  immediate  "  jobs"  where  the  students 
may  find  some  responsibility  and  proportionate  pay  immediately 
after  graduation.  These  courses  do  not  teach  engineering  in 
tl.e  sound  sense.  They  are  likely  to  injure  the  future  of  promis- 
ing  students  by  occupying  time  in  teaching  them  handicrafts  in 
college  which  they  could  better  learn  in  the  factory  or  field,  or  in 
teaching  empirical  methods  of  practice  which  change  almost 
before  they  can  be  put  to  useful  account  by  the  graduates. 

The  students  in  these  courses  frequently  gain  the  impression 
that  the  highest  type  of  engineering  practice  is  no  more  than  an 
advanced  artisanship  and  that  a  graduate  from  the  electrical 
engineering  course  is  the  equivalent  of  a  journeyman.  The  most 
serious  injury  flows  from  this,  through  the  undesirable  narrowing 
of  ideals  and  ambitions.  This  unfortunate  result  occurs  the 
more  readily  because  the  popular  usage  of  the  word  engineer 
makes  it  denote  either  an  engine  driver  (a  man  of  purely  manual 
callin;^)  or  a  man  skilled  in  the  principles  and  professional  prac- 
tice of  engineering. 

Third,  are  courses  following  the  ideals  which  I  have  herein 
earlier  described.  Incompetent  students  who  eiiter  these 
courses  are  soon  discouraged  and  drop  out.  Those  whose  calling 
is  to  artisanship  go  elsewhere  either  to  a  different  school  or 
directly  to  an  apprenticeship.  Those  who  complete  the  course, 
as  a  rule,  are  competent  men;  but  they  are  not  likely  to  enter 
immediately  into  positions  of  much  responsibility,  but  rather  to 
go  into  the  so-called  "  cadet  '*  positions  or  '*  student  "  positions 
of  great  industrial  enterprises  for  the  purpose  of  gaining  that 
experience  in  the  crafts  which  may  enable  them  to  make  the  most 
extended  use  of  their  training  in  principles.  Here  they  gradually 
"  find  themselves  *'  and  ultimately  reach  the  influence  in  the 
industrial  world  for  whicl;  their  calibre  and  training  fits  them. 
•  These  men,  if  properly  taught,  have  clean  cut  ambitions. and  high 
ideals  as  well  as  the  ability  to  think  well  and  do  wisely.  Their 
earnings,  and  perhaps  their  usefulness  to  their  employers,  may 
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be  not  so  great  for  a  short  interval  as  those  of  the  men  who  are 
taught  more  of  empiricism  and  artisanship  and  less  of  rational 
science  during  their  college  course,  but  the  advantage  soon  flows 
in  a  strong  cturent  towards  the  scientifically  trained. 

The  men  who  are  responsible  for  this  third  type  of  electrical 
engineering  courses  may  reasonably  cry  to  be  delivered  from 
judgment  upon  the  success  of  their  work  which  is  based  on  the 
average  earnings  of  the  graduates  during  their  first  year  out  of 
collejje.  The  medical  schools  and  law  schools  are  judged  by  the 
attainments  of  their  graduates  reached  in  a  decade  or  even  in  a 
quarter  of  a  century,  and  this  also  should  be  the  basis  upon  which 
to  judge  the  work  of  the  electrical  engineering  courses  of  this 
third  and  highest  type. 

Do  not  believe  for  a  moment,  however,  that  I  would  teach  all 
theory  and  no  practice.  The  earlier  parts  of  this  paper  prove 
the  contrary.  In  truth,  right  theory  and  the  best  practice  are 
one,  and  practice  which  is  out  of  accord  with  right  theory  is  mere 
rule  of  thumb  and  can  be  bettered.  The  best  college  course  in 
electrical  engineering  is  the  one  which  so  teaches  the  fundamen- 
tals that  right  theory  may  be  fully  grasped,  and  which  constantly 
illustrates  the  bearing  of  theory  by  examples  derived  from  good 
practice.  The  administration  of  such  a  course  requires  thought- 
ful, clear-headed  men,  who  are  acquainted  with  the  principles 
and  right  practice  of  pedagogy  as  well  as  trained  in  the  principles 
and  experienced  in  the  practice  of  engineering. 

My  discussion  of  the  subject  makes  it  clear  that  there  is  a  wide 
variance  between  the  methods  of  the  colleges  which  support 
electrical  engineering  courses.  Complete  unity  is  not  only 
impossible  f  ut  would  undoubtedly  be  undesirable,  since  scope  for 
individuality  is  as  essential  here  as  in  the  control  of  industrial 
enterprises ;  but  the  cause  of  sound  college  training  for  electrical 
engineers  would  be  advanced  by  any  action  which  clearly  7;laces 
the  true  aims  of  the  college  courses  in  electrical  engineering  before 
the  authorities  of  all  of  our  colleges  which  support  such  courses. 

And  I  may  add  that  many  of  the  greatest  weaknesses  of  elec- 
trical engineering  courses  are  due  to  the  fact  that  the  executive 
heads  of  colleges  or  universities  do,  not  always  understand  what 
engineering  truly  stands  for,  and  they  often  have  no  fair  concep- 
tion of  the  soundness  of  training  that  is  required  for  its  practice. 


now. 


President  Scott: — I  think  it  best  to  have  the  next  paper 
iw.  by  Mr.  Johnston,  "  Engineering  English." 


A  paper  presented  at  the  20th  Annual  Convention 
of  the  American  Institute  of  Electrical  Engi- 
.  Niagara  Falls.  N.  Y.,  July  8.  1903. 


ENGINEERING  ENGLISH. 


BY  T.  J.  JOHNSTON. 


This  paper  is  a  corollary  of  the  discussion  at  Great  Barrington 
last  summer,  and  refers  to  only  one  subject  which  should  be  in- 
<iluded  in  the  curriculum  of  an  engineering  education  that  is,  the 
English  language. 

It  should  be  self-evident  that  the  first  preparation  of  the  engi- 
neer for  his  profession  is  to  acquire  a  knowledge  of  his  vernacular, 
the  '*  first  tool  of  the  mind.**  It  has  been  well  said  that  one 
who  thinks  clearly  can  speak  clearly;  in  fact,  we  cannot  know 
that  the  man's  thought  is  clear  until  he  expresses  it  so  that  we, 
having  regard  to  our  own  limitations,  can  understand  it.  That 
this  is  true  will  be  borne  in  upon  anyone  who  is  required  to  con- 
sult engineers  about  what  has  happened  at  particular  dates. 
Everyone  knows  the  difficulty  of  proving  precisely  the  events  of 
the  long  ago;  but  here  I  do  not  refer  to  the  fallibility  of  the 
memory,  but  to  the  mere  expression  of  ideas.  It  is  a  common 
thing  that  no  two  engineers  describing  the  same  phenomenon 
will  give  anything  like  the  same  description,  and  this  is  due  not 
to  their  want  of  knowledge  of  the  phenomenon,  but  to  the 
inaccuracy  of  their  language.  That  I  am  not  alone  in  this  view 
is  evident  from  the  expressions  of  competent  authorities ;  I  may 
instance  an  article  of  Prof.  H.  W.  Wiley  in  Science  for  November 
2S,  1902,  page  845,  where  he  says: 

'*  I  have  often  been  mortified  at  the  English  composition  of  col- 
lege and  even  university  graduates.  Men  who  have  attained  emi- 
nence in  particular  branches  of  study  often  seem  incapable  of 
expressing  their  thoughts  in  any  proper  way.     Their  English  is 
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inexact,  clumsy  and  inconsequent.  Clear  expression  seems  to 
me  to  be  the  legitimate  outcome  of  clear  thinking,  and  the  neglect 
of  those  early  studies  which  enable  one  to  express  himself  clearly 
and  forcibly  is  a  fault  which  can  only  be  remedied  by  long  years 
of  mortification  and  hard  labor." 

I  also  cite  the  address  of  Prof.  John  Perry,  to  which  Mr.  Mail- 
loux  referred  in  the  Great  Barrington  discussion. 

*'  Only  one  subject — Latin — is  really  educational  in  our 
schools.  I  do  not  mean  that  the  average  boy  reads  any  Latin 
author  after  he  leaves  school,  or  knows  any  Latin  at  all  ten  years 
after  he  leaves  school.  I  do  not  mean  that  his  Latin  helps  him 
even  slightly  in  learning  any  modem  language,  for  he  is  always 
found  to  be  ludicrously  ignorant  of  French  or  German,  even  after 
an  elaborate  course  of  instruction  in  these  languages.  I  do  not 
mean  that  his  Latin  helps  him  in  studying  English,  for  he  can 
hardly  write  a  sentence  without  error.  I  do  not  mean  that  it 
makes  him  fond  of  literature,  for  of  ancient  literature  or  history 
he  never  has  any  knowledge  except  that  Caesar  wrote  a  book  for 
the  third  form,  and  on  English  literature  his  mind  is  a  blank.  *    * 

*'  I  ask  for  a  return  to  simplicity  of  system.  English  (the 
King's  English;  I  exclude  Johnsonese)  is  probably  the  richest 
the  most  complex  language,  the  one  most  worthy  of  philologic 
study;  English  literature  is  certainly  more  valuable  than  any 
ancient  or  modem  literature  of  any  one  other  countr>^  yet 
admiration  for  it  among  learned  Englishmen  is  wonderfully 
mixed  with  patronage  and  even  contempt." 

'*  Well-equipped  schools  of  applied  science  are  getting  to  be 
numerous,  but  I  am  sorry  to  say  that  only  a  few  of  the  men  who 
leave  them  every  year  are  really  likely  to  become  good  engineers. 
The  most  important  reason  for  this  is  that  the  students  who 
enter  them  come  usually  from  the  public  schools;  they  cannot 
write  English;  they  know  nothing  of  English  subjects;  they  do 
not  care  to  read  anything  except  the  sporting  news  in  the  daily 
papers;  they  cannot  compute;  they  know  nothing  of  natural 
science ;  in  fact,  they  are  quite  deficient  in  that  kind  of  general 
education  which  every  man  ought  to  have." 

I  do  not  mean  by  this  criticism  that  engineers  should  spend 
long  periods  in  learning  the  grammatical  and  rhetorical  con- 
struction of  the  language;  but  I  do  mean  that  English  com- 
position should  be  kept  up  in  engineering  schools  and  that 
engineers  should  be  drilled  in  the  use  of  English  until  they  can 
express  with  entire  accuracy  the  meanings  which  they  so  often 
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commit  to  formulae.  Pick  up  any  engineering  article,  and  one 
may  rarely  read  a  page  without  some  blunder  appearing  which 
spoils  the  sense  either  by  not  saying  what  the  engineer  means  or 
by  saying  what  he  does  not  mean. 

"  Have  something  to  say.,  and  say  it."  was  the  Duke  of  WeUing- 
ton's  theory  of  style,  Huxley's  was  "  to  say  that  which  has  to  be 
said  in  such  language  that  you  can  stand  cross-examination  on 
each  word."     This  is  the  secret  of  his  lucidity. 

To  show  how  far  from  the  criteria  of  style  either  the  "  Iron 
Duke  "  or  Mr.  Huxley  our  engineers  are,  I  quote  a  fcw  examples 
of  engineering  English. 

**  Generator  dissembled." 

*'  More  customers,  cheaper  the  cost  of  production." 

"  Formerly  the  slag  of  steel  works  was  considered  purely  a 
dead  waste,  but  some  few  years  ago  its  valuable  fertilizing  value 
was  discovered,  and  now  this  formerly  valueless  waste  is  one  of 
the  world's  most  valued  fertilizers." 

"  Such  schemes  as  M 's  is  not  a  solution." 

"  A  body  like  you  propose." 

Of  certain  generators,  it  was  said  they  "  can  not  be  run  in 
parallel." 

**  This  operation  is  to  be  operated  at  every  station." 

**  In  a  shaft  8,000  feet  deep  the  cost  of  cooling  the  temperature 
would  be  considerable." 

"  How  much  we  have  had  to  pay  because  of  the  slow  speed." 

**  Details  as  to  how  small  turbines  could  be  manufactured." 

**  Encourages  attack  upon  the  doctrine  of  the  right  *  *  ♦ 
to  control  their  business     *     *     *     ." 

"  This  discharge  took  place  perfectly  regular." 

**  There  is  no  reversing  plugs." 

"  For  which  the  unenviable  distinction  of  being  the  worst  in 
the  world  is  often  claimed  for  it." 

"  To  this  was  added  two     *     *     *     generators." 

**  Gas  engine  would  develop  along  the  same  lines  as  the  steam 
engine  had  done." 

**  The  low  height  of  the  turbine  permitted  a  reduction  of  the 
height  of  the  engine  room." 

**  The  correctness  of  my  conclusions  have  been  amply  demon- 
strated." 

**  This  can  be  done  equally  as  well  with  the  motor  at  no  load 
as  at  full  load." 

*'  Four  motors     *     *     *     will  perform  a  faster  schedule." 
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**  An  almost  infinitestimable  amount." 

**  The  last  two  thirds  "  (of  a  commutator  brush). 

**  The  matter  of  convenience     *     *     is  shown  in  every  detail." 

**  Brackets  cast  solidly  with  frame." 

**  The  rings     *     *     *     are  circular  in  shape." 

'*  One  and  the  same  motor." 

**  The  car  is  well  lit." 

"  Not  only  securing  pole  (pole-piece)  but  also  of  drawing  same 
down  to  the  tightest  of  magnetic  contacts." 

'*  The  cost  of  superimposing  a  second  floor  on  the  present  sys- 
tem would  cost  as  much  as  the  original  cost  of  building  the 
present  system." 

"  The  company  find  it  impossible  to  buy  only  at  retail  prices." 

"  Which  renders  great  economy  and  rapid  construction." 

"  The  three  top  voltages  were  the  *  *  *  ones  *  *  * 
used." 

"  Trains  can  run  at  fast  speed." 

"  The  hollow  of  both  electrodes  communicate  with  the  open 
air,  and  when  in  contact  form  an  air-tight  joint." 

"  Their  errors  "  (of  electrical  measuring  instruments),  "  were 
determined  by  taking  them  to  the  works  of  the  Weston  Co." 

"  Continued  to  do  good  work  when  pronounced  as  ruined." 

"  We  do  not  think  present  conditions  demand." 

"^A  fewer  number  will  perform  a  given  amount  of  work  four 
times  as  long  as  any  other  cell  of  equal  size." 

"  There  is  no  question  but  that." 

"  It  would  have  been  better  to  have  had." 

"  Why  does  a  cell  constant  change  when  the  density  of  the 
solutions  change?  " 

"  The  lapse  of  time  which  are  here  chiefly  in  question." 

**  Not  yet  fully  decisive." 

*"  The  correct  solution  for  the  problem  of  cause  has  been  dis- 
covered." 

These  (about  five  per  cent,  of  those  I  have  seen)  have  been 
gleaned  since  the  Great  Barrington  discussion,  from  reports  of' 
engineers,  descriptions  of  operations  furnished  to  engineering 
periodicals  by  engineers  in  charge,  and  "  woe  is  me,"  from 
letters  to  the  techincal  press  written  by  professors  of  applied 
physics  in  universities.  I  rejret  to  say  that  some  of  the  most ' 
glaring  solecisms  are  from  the  last  named  source. 

Wendell  Phillips  once  said  that  there  are  only  thirty -seven  • 
jokes  in  all  languages,  but  Mr.  Phillips  died  before  electrical 
engineers  had  written  much. 
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It  is  only  necessary  to  refer  briefly  to  the  inaccurate  use  of 
terms  Qommon  in  the  profession,  and  particularly  to  double 
meanings  applied  to  well-known  words  which  should  be  terms 
of  precision.  *'  Static  transformer,"  when  stationary  transformer 
is  meant;  the  *'  capacity  "  of  a  system,  when  the  maximum 
output  is  meant;  the  "  field  "  of  a  generator,  when  the  field- 
magnet  is  meant,  are  common  examples  of  the  appropriation  of 
a  well-known  term  to  a  new  use,  generally  inaccurate.  "  The 
time  would  fail  me."  to  do  more  than  shake  hands  with  our  old 
enemies.  "  Equally  as  well,"  **  the  two  highest,"  **  one  and  the 
same,"  et  id  omne  genus. 

I  see  many  mining  engineers  in  the  course  of  the  year.  Re- 
spectable vagrants  as  they  are,  their  correct  and  often  elegant 
diction  is  a  surprise  and  a  pleasure,  and  somewhat  of  a  reproach 
to  our  own  members,  though  a  mining  engineer,  to  be  sure, 
would  have  but  a  dry  practice  if  he  could  not  furnish  the  mate- 
rials for  a  good  prospectus. 

This  is  no  protest  against  the  study  of  languages  other  than 
English.  Per  contra,  just  as  no  man  can  be  a  sound  mathe- 
matician who  confines  his  study  to  algebra  or  trigonometry,  so 
no  man  can  learn  English  thoroughly  without  some  comprehen- 
sion of  its  sources  in  other  languages.  The  true  meaning  of  a 
word  can  only  be  learned  by  learning  its  root,  and  from  that  its 
trunks  and  branches  are  easily  understood. 

Let  no  man  say  **  I  am  too  old  to  take  up  such  studies;  they 
were  neglected  in  my  youth,  and  I  am  as  I  am."  Caleb  Gushing, 
Attorney  General  of  the  United  States,  statesman,  diplomat,  and 
jurist,  learned  in  literature  and  science,  began  the  study  of 
French  when  he  was  seventy  years  of  age.  The  subsequent 
proceedings  are  not  generally  referred  to;  but  having  heard  Mr. 
Gushing 's  French,  I  may  add  that  although  public  safety  pro- 
hibited his  pronunciation,  his  knowledge  of  the  shades  of  meaning 
of  the  spoken  language  would  have  shamed  many  English-speak- 
ing persons  long  resident  in  France. 

Most  of  the  errors  in  Engineering  English  are  due  to  want  of 
attention ;  few  engineers  revise  the  language  of  their  reports  and 
articles  as  they  do  the  tables  and  formulae  upon  which  the  text 
is  based;  fewer  still,  even  in  important  investigations,  think  it 
worth  while  to  have  the  text  read  by  another  to  detect  errors. 

I  may  quote  from  President  Woodrow  Wilson's  inaugural  his 
unanswerable  plea  for  a  liberal  education,  as  a  special  plea  for 
adequate  instruction  in  English,  either  as  a  preparation  for,  or 
better  still,  for  both  that  and  a  part  of  an  enjjineering  course. 
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'*  No  doubt  the  old,  purely  literary  training  made  too  much  of 
the  development  of  mere  taste,  mere  delicacy  of  perception,  but 
our  modem  training  makes  too  little.  We  pity  the  young  child 
who,  ere  its  physical  life  has  come  to  maturity,  is  put  to  some 
task  which  will  dwarf  and  narrow  it  into  a  mere  mechanic  tool. 
We  know  that  it  needs  first  its  free  years  in  the  sunlight  and 
fresh  air,  its  irresponsible  youth.  And  yet  ^/e  do  not  hesitate  to 
deny  to  the  young  mind  its  irresponsible  years  of  mere  develop- 
ment in  the  free  air  of  general  studies." 

"  What  we  seek  in  education  is  a  full  liberation  of  the  faculties, 
and  the  man  who  has  not  some  surplus  of  thought  and  energy  to 
expend  outside  the  narrow  circle  of  his  own  task  and  interest  is  a 
dwarfed,  uneducated  man.  We  judge  the  range  and  excellence 
of  every  man's  abilities  by  their  plr.y  outside  the  task  by  which 
he  earns  his  livelihood.  Does  he  merely  work,  or  does  he  also 
look  abroad  and  plan?  Does  he,  at  least,  enlarge  the  thing  he 
handles?  No  task,  rightly  done,  is  truly  private.  It  is  part  of 
the  world's  work." 

*'  A  merely  literary  education,  got  out  of  books  and  old  liter- 
ature, ig  a  poor  thing  enough  if  the  teacher  stick  at  grammatical 
and  syntactical  drill." 

**  It  is  not  the  education  that  concentrates  that  is  to  be  dreaded 
but  the  education  that  narrows — ^that  is  narrow  from  the  first." 

Do  we  not  all  assume  too  readily  that  because  we  speak,  or 
think  we  speak,  English,  our  expression  of  the  thought  in  our 
minds  is  impeccable?  Is  not  our  vocabulary  too  strictly  pro- 
fessional? Does  it  not  cramp  the  intelligence  and  impair  per- 
ception? Ought  we  not  to  '*  break  their  bonds  asunder,"  and 
learn  thoroughly  to  use  the  master-tool — English  ? 


NOTE  BY  THE  AUTHOR. 

At  the  instance  of  Professor  Kent,  of  Syracuse,  I  add  to  the 
"  Chamber  of  Horrors  "  the  expression  "  the  data  is  limited,"  as 
an  example  of  mistaking  a  plural  for  a  collective. 

T.  J.  J. 


A  pap«t  presented  at  the  20fA  Annual  Convention 
ofths  American  Institute  of  Electrical  Engi- 
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TRAINING  AN  ARTIST  IN  THE   FORCES  OF  NATURE. 


BY  E.  H.   MULLIN. 


If  we  go  back  in  the  history  of  our  language,  to  the  first  known 
use  of  the  word  "  education,"  we  find  that  in  1540  it  had  as  its 
meaning  **  the  process  of  nourishing  or  rearing  a  child  or  young 
person."  It  will  be  noticed  that  in  this  case,  as  in  so  many 
others,  a  term  which  may  now  be  regarded  as  meaning  something 
abstract  and  psychological  is  derived  by  metaphorical  extension 
from  an  eariier  concrete  and  physical  concept.  Yet  if  the  word 
**  education  "  has  gained  in  breadth  since  its  first  use  four  and  a 
half  centuries  ago,  it  has  also  lost  much  in  depth — at  least  as 
commonly  used.  The  essence  of  the  word  **  nourishing  "  is 
assimilation ;  it  conveys  the  idea  of  the  food  which  is  most  easily 
converted  into  life-giving  blood,  and  thence,  with  hardly  a  pause, 
into  nerves,  bones  and  muscles,  to  become  an  inseparable  part 
of  our  bodies.  For  one  reason  or  another,  we  seem  to  have 
passed  beyond  the  stage  of  a  simple  educational  diet  which  can 
be  thoroughly  assimilated ;  we  present  either  the  jaded  palates  of 
a  worn-out  race,  or  the  capncious  appetites  of  spoiled  children. 
Instead  of  the  educational  roast  and  boiled  joints  of  our  fore- 
fathers, we  toy  with  highly  seasoned  entries  which  blunt  our 
appetites  for  the  time  being,  but  do  not  give  us  the  strength  for 
long  fasts,  the  energy  for  great  work,  or  the  physical  repose 
necessary  for  deep  thought. 

We  shall  find,  if  we  keep  the  idea  of  assimilation  as  the  primary 
attribute  of  all  education,  that  the  physical  and  mental  analogies 
are  reasonably  close  and  hardly,  if  at  all,  misleading.  Mental 
indigestion  from  over-stuffing,  no  less  than  physical  indigestion, 
produces  cloudiness  of  the  brain.     Mental  dyspepsia  may  follow 
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a  diet  of  too  large  a  variety  of  elective  courses,  just  as  physical 
dyspepsia  may  follow  over-indulgence  in  highly  spiced  but  non- 
assimilative  foods  In  both  cases  time  is  an  indispensable  factor 
to  assimilation,  plain  food  will  be  most  enduring  in  results; 
maximum  efficiency  will  be  found  in  maximtim  assimilation  and 
minimum  waste.  *  Fixed  habits  are  perhaps  the  most  valuable 
gift  we  can  receive,  whether  from  home  rearing,  from  college 
training,  or  from  that  first  part  of  our  lives  passed  in  the  world  of 
men.  Yet  granted  that  we  have  taken  a  firm  hold  of  essentials, 
we  may  pursue  cognate  non-essentials  as  an  enlightening  means 
of  recreation.  Ever>^  author  has  his  historical  background ;  every 
science  has  its  borderland ;  every  art  has  its  path  of  development. 
Knowledge  is  the  result  of  profound  study ;  culture  is  the  reward 
of  diligent  exploration.  With  knowledge  alone  we  are  as  flat- 
landers,  realizing  our  neighbors  only  when  we  touch  them;  by 
the  aid  of  culture  we  can  rise  above  our  surroundings,  and,  by 
viewing  the  relation  of  our  neighbors  to  each  other,  form  a  juster 
estimate  of  our  relation  to  them. 

For,  in  our  realization  of  our  true  relationship,  to  the  whole  of 
the  outer  world  lies  the  benefit  of  our  education.  The  pure 
specialist,  without  sympathy  and  without  comprehension  is 
simply  a  machine  tool  in  the  hands  of  a  higher  order  of  intelli- 
gence. When  Mr.  Carnegie  claimed  for  himself  only  the  power  of 
t  -ting  as  a  magnet  for  much  abler  men,  he  either  meant  much 
more  than  he  said,  or  said  much  more  than  he  meant.  To 
utilize  ability,  to  turn  it  into  its  proper  channels,  to  mark  the 
time  and  place  when  and  where  one  kind  of  specialized  mind 
should  begin  and  where  it  should  stop  to  allow  the  next  specialized 
mind  to  take  up  the  running,  is  the  function  of  true  greatness. 
The  general  in  command  of  armies,  the  statesman  responsible  for 
a  party,  the  captain  of  industry  with  success  or  failure  hanging 
upon  his  decision,  asks  no  more  than  that  the  subordinate  whom 
he  chooses  can  convert  his  ideas  into  action.  '*  Be  bold,  be  bold» 
be  not  too  bold,"  said  the  ancient  sage.  "Specialize,  specialize » 
but  don't  specialize  too  much,"  says  his  modem  analogue. 

Capital,  modem  economists  are  agreed,  is  the  cr>^stallized 
savings  which  can  be  lent  out  to  reproduce  itself  in  useful  work. 
It  is,  in  fact,  stored  energy.  In  its  baldest  form,  capital  repre- 
sents the  wheat  saved  from  last  year's  crop  to  enable  the  laborer 
to  garner  next  year's  crop  without  dying  of  starvation  while 
next  year's  crop  is  growing.  In  its  broadest  sense,  education  if 
not  capital  but  tools,     it  is  not  the  knowledge  of  facts  whicl 
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makes  a  man  educated  but  the  possession  of  method.  To  teach 
a  man  to  learn  how  to  learn  is  the  true  function  of  education,  and 
to  stuff  his  mind  with  facts  beyond  this  point  is  merely  to  encum- 
ber  him  in  pursuing  his  means  of  livelihood.  It  is  true  that  the 
method  of  education  adopted  may,  and  perhaps  should,  bear 
some  relation  to  ultimate  ends.  The  future  classical  scholar  will 
save  himself  much  annoyance  by  a  diligent  study  of  Greek  irregu- 
lar verbs.  The  future  mechanical  or  electrical  engineer  will  enjoy 
an  ease,  not  otherwise  procurable,  by  a  thorough  mastery  of 
elementary  mathematics.  But,  still,  education  is  not  so  much 
intended  for  the  elucidation  of  old  problems  as  for  the  tackling- 
of  those  that  are  new.  And,  as  a  knowledge  of  facts  without  the 
power  of  ratiocination  is  worthless  for  new  ventures,  and  as  every 
problem  which  meets  us  in  life  is  a  new  venture,  therefore, 
method  by  itself  is  everything,  and  facts  by  themselves  are 
nothing. 

The  faults  of  technical  education  of  tlie  present  day  are  that 
they  tend  to  reproduce  a  microcosm  of  real  life.  Everyone  has 
heard  of,  or  has  seen,  a  typical. specimen  of  tlie  "  tank  drama," 
in  which  there  is  real  water,  real  horses,  a  real  fire  engine,  or  what 
not,  to  heighten  the  verisimilitude.  The  technical  colleges 
which  attempt  to  make  a  blacksmith  or  a  mechanic  out  of  a 
student,  fail,  just  as  the  '*  tank  dramas  "  do,  by  endeavoring  ta 
make  their  courses  a  miniature  copy  of  future  work  instead  of 
making  them  typical  of  crises  and  illustrative  of  principles.  Let 
us  glance  for  a  moment  at  the  two  great  professions  where  educa- 
tion,, as  commonly  understood,  utterly  fails  to  supply  a  man  with 
the  power  of  commanding  success.  It  will  be  acknowledged  that 
painting  is  an  art  which  requires  initiation  and  instruction.  Yet, 
without  genius,  without  inspiration,  even  the  most  skilful 
painters  have  been  unable  to  rise  about  tlie  ranks  of  mediocrity. 
The  Italians  call  Andrea  del  Sarto  "  the  faultless  painter."  But, 
as  Symonds  says,  he  lacked  inspiration,  depth  of  emotion,  energy 
of  thought,  and  cannot  therefore  take  rank  among  the  great 
Renaissance  painters.  Or  take  again  the  two  typical  cases  of 
the  Archduke  Charles  and  Major  General  Halleck,  for  both  of 
whom  it  may  be  claimed  they  were  bright  and  shining  examples 
of  profound  technical  education  in  the  military  art.  The  genius 
of  Napoleon,  not  a  particularly  distinguished  student,  overthrew 
with  ease  the  strategy  of  tlie  Archduke  Charles,  while  all  that 
Halleck's  technical  knowledge  Seen.ed  to  be  able  to  do  for  him 
was  to  point  out  every  possibility  of  defeat  without  inspiring  him 
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to  a  single  means  of  victory.  More  recently  we  have  seen  Sir 
John  French,  the  only  really  successful  cavalry  general  of  the 
South  African  war,  overtlirow  in  the  field  the  reputation  which 
the  pedants  of  Aldershot  gave  him  of  not  being  able  to  handle  a 
cavalry  brigade. 

We  may  gather  from  these  examples,  and  from  others  which 
will  occur  to  the  minds  of  every  one,  that  all  that  technical  educa- 
tion can  do  is  to  give  each  man  his  chance  of  success  or  failure. 
Genius  may  be  able  to  dispense  altogether  with  technical  educa- 
tion ;  inherent  stupidity  will  ultimately  sink  to  its  true  level,  in 
spite  of  the  most  careful  collegiate  training.  In  considering  edu- 
cational matters,  therefore,  we  are  concerned  not  with  geniuses 
or  with  miiddle-heads,  but  with  average  men.'  How  the  average 
man  may  be  trained  for  a  profession  for  which  he  feels  within 
himself  some  aptitude  is  the  question  which  it  behooves  us  to 
answer.  And  the  answer  which  we  should  give  is  to  teach 
methods,  to  instill  principles,  to  lay  deep  and  sure  the  foundation 
of  elementary  knowledge,  and  trust  the  future  to  take  care  of 
itself.  We  have,  therefore,  two  co-related  branches  of  education 
to  consider — education  as  an  art  and  education  as  a  science. 

Education  as  an  art  involves  perfect  familiarity  with  a  laiger 
or  smaller  number  of  facts,  according  to  the  purpose  to  which 
these  are  to  be  devoted.  In  this  age  of  universal  reading  and 
writing  we  are  apt  somewhat  too  hastily  to  assume  that  a  cate- 
gorical knowledge  of  the  alphabet  and  the  arithmetical  tables 
is  necessary  to  success  in  life.  Those  who  have  lived  in  countries 
where  a  considerable  portion  of  the  population  is  wholly  illiterate 
must  have  often  been  struck  by  hearing  men  who  could  not  read 
use  language  all  but  grammatically  correct,  or  by  observing 
intricate  accounts  made  up  by  mental  arithmetic  without  the  aid 
of  either  multiplication  or  division.  It  must  also  be  remembered 
that  in  the  Dark  Ages  kings  and  bards  were  usually  illiterate, 
though  they  were  none  the  less  the  rulers  and  inspirers  of  their 
times.  Education  as  an  art,  therefore,  must  be  separated  from 
personality  on  the  one  hand  and  from  mere  pedantry  on  the 
other.  We  may  compare  education  as  an  art  to  a  knowledge  of 
the  names  and  functions  of  the  pieces  on  a  chessboard  divorced 
from  any  knowledge  of  the  game  of  chess  itself.  If  we  can 
then  imagine  a  series  of  chessboards,  each  having  more  pieces 
than  the  one  preceding  it,  and  each  set  of  pieces  having  more 
complex  moves  than  the  set  preceding  it,  we  shall  have  a  fair 
analogy  of  the  gamut  of  education  as  an  art,  from  simple  ele- 
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mentar>''  education  to  the  highest  classical  or  mathematical 
standard.  Throughout  this  series  there  are  things  to  be 
known  by  name  — ^what  may  be  called  primary  concepts — and 
these  mere  names  have  to  be  clothed  with  ideas  or  attributes  or 
functions,  by  means  of  which  we  may  see  how  far  we  can  utilize 
them.  In  other  words,  in  education  as  an  art  we  have  to  exercise 
the  faculty  of  memory,  and  this  memory  must  be  clear  and 
accurate  if  our  minds  are  always  to  have  their  tools  at  hand  ready 
for  instant  use.  But  this  in  turn  implies  familiarity  and  familiar- 
ity implies  constant  practice  for  a  longer  or  shorter  time.  Here 
again  our  average  education  for  the  average  man  comes  in.  If  we 
have  in  mind  only  the  first  25  per  cent,  of  Qut  pupils — the  geniuses 
and  the  hard-reading  men — we  shall  pass  along  to  the  next  stage 
before  our  50  per  cent,  of  average  men  have  had  time  to  become 
perfectly  familiar  with  the  facts  and  their  connotations  which  are 
being  studied.  If,  on  the  other  hand,  we  attempt  to  wait  for 
the  last  25  per  cent,  of  our  pupils — the  incorrigibly  idle  and 
muddle-heads— iwe  shall  waste  the  time  of  our  50  per  cent,  of 
average  m^n.  In  ever\'  stage  of  education  as  an  art  we  have 
therefore  two  things  to  consider,  namely,  the  accumulation  of  a 
sufficient  number  of  names  and  their  connotations  to  give  us  an 
ample  nomenclature  or  set  of  tools,  and  also  enough  familiarity 
with  this  nomenclature  or  set  of  tools  t )  enable  tis  instinctivelv 
to  select  the  right  tool  and  to  use  it  efficiently. 

Let  us  now  pass  to  education  as  a  science.  A  man  might  know 
the  dictionary  from  end  to  end,  and  yet  not  be  able  to  use  more 
than  one  thousand  words  of  it  for  any  particular  purpose.  Having 
obtained  our  tools  through  education  as  an  art,  the  problem 
in  education  as  a  science  is  not  to  use  them  as  we  have  been 
taught  but  to  apply  them  to  new  problems.  To  go  back  to  our 
former  illustration  we  must  be  able  to  play  the  game  of  chess 
after  having  learned  the  names  of  the  pieces  and  their  functions. 
It  took  the  world  2,000  years  to  find  out  that  deductive  logic 
could  state  nothing  new  beyond  what  was  contained  in  the 
premises.  Science,  we  are  told,  is  organized  and  classified 
knowledge,  and  the  first  thing  a  truly  educated  man  will  do  with  a 
new  fact  is  to  place  it  under  its  proper  classification — that  is,  he 
will  refer  it  to  the  principle  which  governs  facts  of  a  similar  kind. 
Not  only,  therefore,  is  memory  needed  here  but  imagination.  A 
man's  whole  education  goes  for  nothing  if  in  dealing  with  a  new 
fact  he  cannot  see  resemblances  in  it  to  otlier  facts  wliere  none 
outwardly  exist,  or  cannot  see  profound  differences  between  a  new 
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fact  and  an  old  one  where  the  outward  resemblance  is  strong. 
And  the  highest  function  of  education  as  a  science  is  to  make  a. 
man  of  average  ability  see  resemblances  and  differences  in  cases 
where  he  would  otherwise  be  blind.  Indeed,  genius  itself,  as  we 
see  it  in  the  great  inventors,  is  usually  nothing  more  than  the 
power  of  classifying  a  fact  under  its  proper  generalization  and 
then  re-stating  it  in  terms  of  some  other  fact  classed  xmder  the 
same  head. 

Rising  sta;^e  by  stage,  therefore,  according  to  the  future  for 
which  our  educational  requirements  are  to  fit  us  is  our  elementary 
knowledge  plus  perfect  familiarity  in  dealing  with  and  handling 
it.  Better,  far  better,  that  we  should  know  little  but  be  on  terms 
of  perfect  familiarity  with  that  little,  than  we  should  know  much 
and  have  to  grope  for  what  should  spring  to  our  minds  as  quick 
as  thought  itself.  The  time  spent,  the  labor  involved,  in  obtain- 
ing an  absolute  mastery  over  our  primary  concepts  or  elementary 
knowledge  marks  the  difference  in  our  future  work  between 
having  strange  tools  to  handle  and  having  tools  which  so  fit  into 
our  hands  as  to  become  an  inseparable  part  of  ourselves. 

Let  us  turn  now  to  the  education  of  an  engineer.  The  defini-  ' 
tion  of  an  engineer,  according  to  Telford,  is  one  who  applies  the 
forces  of  nature  to  the  service  of  man.  Mr.  Mansergh,  recently 
President  of  the  Institution  of  Civil  Engineers,  quoted  with 
approval  an  American,  defini  tion  of  an  engineer  as  **  a  man  who 
could  do  for  one  dollar  what  any  fool  could  do  for  two  dollars." 
Perhaps  the  best  definition  will  lie  somewhere  between  theje 
extremes.  If  a  man  does  not  know  how  to  apply  at  least  one 
form  cf  the  forces  of  nature  to  the  service  of  man  he  is  not  an 
engineer ;  and  if  he  cannot  do  this  more  economically  than  an  out- 
sider no  capitalist  with  common  sense  will  employ  him.  An  en- 
gineer differs  from  a  physician  or  a  lawyer  in  that  patients  die 
and  cases  are  lost  without  damaging  the  reputation  of  a  member 
of  either  of  these  professions,  while,  on  the  other  hand,  an  en- 
gineer's work  must  speak  for  itself.  The  motto  over  Sir  Cliristo- 
pher  Wren's  tomb  in  St.  Paul's  might  be  adopted  as  that  of  the 
engineering  profession  as  a  whole,  **  Si  moniimcntum  requiris  cir- 
ciunspicc/*  Posterity  camps  on  the  trail  of  the  engineer,  and  its 
conclusions,  like  the  judgments  of  the  Lord,  are  true  and  right- 
eous altogether.  Whether  it  be  the  aqueduct  of  Rome  or  the 
Brooklyn  Bridge,  whether  it  be  a  generator  at  Niagara  Falls  or 
the  switchboard  of  a  New  York  po^er  station,  it  will  either  form  a 
model  from  which  other  generations  of  engineers  will  expand  into 
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new  canceptions  to  meet  new  needs,  or  it  will  become  a  beacon 
post  to  point  out  the  way  which  is  to  be  avoided.  Verily,  it  is  no 
li^ht  thing  to  train  up  an  artist  in  the  forces  of  Nature. 

Let  us  begin  with  the  prime  essential.  Without  reverence  for 
:great  works  and  for  the  great  men  by  whose  agency  they  were 
brou[;ht  forth,  there  will  be  no  great  engineers.  Granted  that,  a 
sound  knowledge  of  one's  native  tongue  is  the  best  substructure. 
The  great  engineers  who  have  been  deprived  of  this  aid,  have 
borne  eloquent  testimony  by  their  efforts  at  self -improvement  in 
later  life  to  what  they  considered  would  have  been  its  usefulness 
at  an  earlier  period  in  their  careers.  An  elementary  knowledge 
of  Latin  is  most  indispensable  to  the  clarification  and  consoli- 
•dation  of  the  knowledge  of  nearly  every  European  ton^e.  Next 
to  these  my  vote  would  go  to  a  good  working  knowledge  of  French 
because  besides  its  obvious  advantage  as  a  language  to  be  spoken, 
it  imparts  lucidity  and  precision  to  writing — a  thing,  by  the  way, 
which  mathematics  often  fails  to  do.  Early  practice  in  mechani- 
■cal  drawing  should  also  be  given  to  every  boy  who  feels  within 
himself  the  stirrings  to  become  an  engineer,  because  familiarity 
with  the  pencil  is  easily  acquired  early  in  life,  but  is  often  one  of 
the  greatest  stumbling  blocks  when  taken  up  too  late. 

Then  as  to  mathematics.  As  the  profession  of  an  engineer 
always  involves  constant  dealing  with  quantities  and  values, 
he  ought  to  know  mathematics  as  he  knows  the  currency  of  his 
native  country.  In  other  words,  he  ought  to  be  able  to  make 
change  with  ease,  quickness  and  accuracy — ^not  as  if  one  were  in 
a  foreign  country  in  a  constant  state  of  painful  reckoning.  A 
thorough  knowledge  of  ordinary  mathematics  is  here  prescribed, 
not  any  vain  ascents  with  crippled  wings  into  the  empyrean. 
What  is  meant  by  "  ordinary  mathematics  **  may  perhaps  be 
more  clearly  indicated  by  a  remark  and  an  anecdote.  One  may 
make  accurate  change  without  any  knowledge  of  the  science  of 
numbers.  Lord  Salisbury,  when  President  of  the  British  Asso- 
ciation, told  the  story  of  the  old  Oxford  Professor  who  said  to  him 
fiercely,  "  What  I  like  about  quartenions,  sir,  is  that  they  cannot 
be  used  for  any  base  utilitarian  purpose.*' 

This  makes  our  substructure  complete.  The  first  part  of  our 
superstructure  should  consist  in  learning  the  principles  of  the 
applied  sciences.  These  should  be  studied  in  books,  assisted  by 
oral  teaching,  and  enforced  and  re-enforced  by  the  practice  of 
dozens  or  hundreds  of  examples.  If  one  wants  to  know  how 
■each  principle  should  be  learned,  he  should  watch  a  great  singing 
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teacher  train  a  pupil.  A  false  note  in  a  scale  demands  a  hundred 
perfect  repetitions.  A  false  note  in  an  aria  means  back  to  the 
scale  for  a  hundred  more  repetitions  before  attacking  the  aria 
a  second  time.  Why  should  the  future  artist  in  Nature  be  less 
carefully  prepared  for  his  work?  Is  that  work  likely  to  be  less 
important?  Or  is  it  merely  because  his  future  audience  is  less 
likely  to  detect  a  false  note? 

With  this,  the  education,  of  our  engineer  ends  or  rather  begins. 
He  may  be  fifteen,  sixteen  or  any  age.  He  may  have  studied  in 
school,  or  in  college,  or  at  home.  He  is,  however,  a  trained 
engineering  soul,  according  to  the  measure  of  his  talents.  He  is 
able  to  learn  the  art  of  engineering,  or  any  other  art,  for  which  he 
has  an  aptitude,  in  months,  where  another  man  of  equal  ability 
might  take  years  and  not  know  it  half  so  thoroughly.  All  he 
needs  to  ensure  liis  success  in  life  is  to  find  a  master  who  can 
utilize  his  powers. 


President  Scott: — One  of  the  speakers  said  that  an  engineer 
ought  not  to  be  judged  until  he  had  been  in  practical  experience 
for,  say,  25  years.  If  you  set  that  standard,  then,  we  cannot 
begin  to  receive  a  verdict  on  the  modem  electrical  engineer  for  10 
or  15  years  to  come.  The  modem  electrical  engineer  is  a  new 
engineer.  He  has  a  new  kind  of  work.  The  census  shows  that 
electrical  work  as  represented  by  the  capital  invested  increases 
something  like  20  per  cent,  a  year.  Men  are  needed  rapidly  and 
the  followers  of  engineering,  and  particularly  of  electrical  engi- 
neering, have  as  their  principal  function  in  the  world,  increasing 
the  efficiency  and  the  effectiveness  of  modem  life ;  so  it  behooves 
these  two  societies  which  are  represented  here  to-day  to  unite 
and  to  expend  every  effort  for  the  more  thorough  production  of 
efficient  engineers. 

On  motion  of  President  Woodward  the  Convention  adjourned 
sine  die, 


AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS. 
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The  179th  Meeting  was  held  this  date  at  the  New  York  Acade- 
my of  Medicine,  17  West  Forty-third  Street. 

President  Charles  F.  Scott,  of  Pittsburg,  called  the  meeting  to 
order  at  8.20  o'clock  and  said: 

During  the  past  year  the  fundamental  characteristic  of  our 
work  has  been  extension  and  expansion,  both  in  our  various 
activiti.es  and  also  territorially.  I  believe  that  never  before 
have  the  members  of  the  Institute  throughout  the  country  felt 
the  same  direct  interest  in  the  Institute,  and  the  same  personal 
contact  with  its  affairs  that  they  do  at  this  time.  I  believe  that 
the  various  movements  in  several  lines,  particularly  in  the 
organization  of  local  branches,  during  the  past  year,  are  but  the 
beginnings  of  a  great  future  for  the  Institute.  We  have  been 
laying  a  foundation  upon  which  a  magnificent  structure  may  be 
erected.  It  is,  therefore,  particularly  appropriate  that  our 
leader,  the  President  of  the  Institute,  should  at  this  time  be 
a  man  who  represents  the  Western  part  of  the  country.  I  believe 
this  sentiment  is  one  which  has  been  growing  among  our  members 
and  that  the  part  of  the  country  from  which  the  President  as 
well  as  our  other  officers  are  selected,  is  becoming  a  more  and 
more  important  element  in  the  choosing  of  our  officers. 

It  is,  therefore,  with  great  -pleasure  .that  I  now  turn  over  the 
Presidency  of  the  Institute  to  my  successor,  and  introduce  to 
you  the  man  whom  you  have  chosen  for  your  President,  Mr. 
Bion  J.  Arnold,  of  Chicago. 

President's  Address. 
Members  of  the  Institute: 

Our  new  Constitution  does  not  call  for  a  formal  address  from 
the  incoming  President  at  the  time  of  his  inauguration,  as  this 
duty  is  required  of  him  at  the  annual  convention.  My  worthy 
predecessor,  however,  outlined  his  course  on  taking  office  and 
followed  it  so  well  and  with  such  signal  benefit  to  the  Institute, 
that  his  action  prompts  me  to,  briefly,  point  out  the  lines  which 
I  believe  we  should  follow  during  the  coming  year. 
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The  remarkable  development  and  growth  of  our  body  during 
the  past  two  years  has  introduced  many  new  elements  which 
must  stand  the  test  of  time  and  possibly  be  tried  in  a  period  of 
financial  depression.  Our  energies,  therefore,  should  be  directed 
toward  carrying  forward  the  work,  so  well  started  by  my  prede- 
cessors, upon  conservative  lines  which  will  insure  its  permanency 
and  result  in  the  greatest  good  to  the  Institute. 

First. — For  obvious  reasons  our  recent  great  rate  of  increase  of 
membership  cannot  continue  indefinitely,  and  our  expenditures 
.should  therefore  be  gauged  to  meet  this  condition. 

Second. — Our  local  branches  should,  if  possible,  be  made  to 
last  after  the  enthusiasm,  bom  of  novelty,  has  worn  off,  which 
implies  encouragement  from  headquarters  and  sustained  effort 
on  the  part  of  the  local  members. 

Third. — ^The  work  of  our  special  committees  in  connection  with 
electrical  engineering  standardization  and  the  collection  of 
technical  data  should  be  encouraged  and  additional  committees 
appointed  to  extend  the  work  in  other  promising  directions. 

Fourth. — ^We  should  allow  the  authors  of  our  papers  more  time 
for  presenting  them,  and  our  members  more  time  for  their  dis- 
cussion, even,  if  to  accomplish  this,  we  are  compelled  to  have 
fewer  papers. 

Fifth. — Contributions  making  provision  for  our  interest  in  the 
land  for  the  engineering  building  should  be  placed  in  a  separate 
fund  which  should  be  set  apart  from  all  other  Institute  funds 
and  to  which  should  be  credited  all  funds  for  building  purposes 
now  on  hand,  and  subsequently  received  for  such  purposes  from 
donations  or  from  the  sale  of  bonds  or  other  securities. 

Sixth. — Our  library  fund  should  also  be  carried  as  a  distinct 
fund 'and  all  donations  and  appropriations  for  library  purposes 
credited  to  it,  all  expenditures  for  library  purposes  to  be  debited 
to  this  fund. 

Seventh. — On  account  of  the  International  Electrical  Congress 
to  be  held  at  St.  Louis  in  1904,  we  shall  be  called  upon  not  only 
to  contribute  to  the  scientific  value  of  this  congress,  but  to 
receive  and  enteitain  many  distinguished  guests  and  members 
from  foreign  countries.  Our  plans  should,  therefore,  be  so  well 
and  broadly  laid  and  executed  that  our  guests  shall  return  home 
not  only  fully  repaid  for  their  visit  among  us,  but  shall  also  feel 
that  the  splendid  hospitality  which  was  shown  us  as  a  body  on 
our  trip  abroad  in  1900,  and  to  our  individual  members  before 
and  since,  has  been  fully  appreciated. 

Eighth. — Our  relationship  wiJi  the  other  large  engineering 
societies  of  this  country  have,  durin<^  the  past  vear,  become  more 
intimate,  and  we  are  now  about  to  join  with  them  in  the  owner- 
ship and  management  of  a  union  engineering  building  which 
shall  meet  the  needs  of  all.  The  general  preliminaries  have  been 
perfected  and  the  work  of  the  coming  year  will  consist  in  the 
crystallization  of  the  plans  and  the  origination  of  definite  means 
and  methods  for  raising  funds  and  for  promoting  the  material 
progress  of  the  work. 
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I  tntst  we  may  be  able  to  carry  to  a  successful  conclusion  the 
work  so  splendidly  initiated  by  my  predecessor,  Mr.  Scott,  and 
his  able  lieutenants,  and  in  such  a  manner  as  not  only  to  retain 
but  to  heighten  the  respect  and  good  will  of  those  who  may 
co6perate  with  us;  and  by  the  adoption  of  rational  methods  an* 
the  exercise  of  good  business  judgment,  in  canying  out  the  work, 
insure  that  the  generous  gift  of  Mr,  Carnegie  to  the  engineering 
profession  shall  in  its  material  culmination  attain  the  ideal  that 
he  hoped  for. 

I  wish  to  express  my  appreciation  of  the  confidence  you  have 
shown  in  me  by  placing  me  at  the  head  of  this  Institute,  the 
youngest,  yet  one  of  the  most  progressive  of  the  several  great 
engineering  bodies  of  this  country.  1  sincerely  thank  you  and 
I  feel  that  you  will  accord  to  me  such  harmony  of  action  and 
support  that  the  coming  year  may  be  of  the  greatest  benefit  to 
our  membership  and  add  in  some  slight  degree  to  the  .prestige 
of  the  engineering  profession  at  large. 


rk  paper  presented  at  the  l7Vth  Mcttint^  of  the 
American  Institute  of  Electrical  Engineers, 
New  York,  Sept.  25.  1903. 

Copynght,  1903,  by  A.  L  E.  E.  "" 


AN   EFFICIENT   HIGH-PRESSURE   WATER-POWER 
TRANSMISSION  PLANT. 

BY  GEORGE  J.  HENRY,  JR.,  AND  JOSEPH  N.  LE  CONTE. 


An  interesting  hydraulic  electric  power  transmission  plant  has 
recently  been  started  in  Southern  California  by  the  Edison 
Electric  Co.,  of  Los  Angeles.  The  water  pressure  of  head  em- 
ployed is  equal  to  1960  feet  vertical  fall,  which  is  obtained  in 
something  over  8000  ft.  length  of  pipe-line.  This  gives  an 
effective  pressure — after  making  allowances  for  friction  loss — of 
considerably  over  1900  ft.  head,  or  825  lbs.  per  sq.  in.,  equal  to  55 
atmospheres. 

The  station  is  located  about  ten  miles  from  Redlands,  in 
Southern  California,  and  is  used  on  an  extensive  system,  includ- 
ing a  number  of  other  power  stations,  for  transmitting  power  to 
Los  Angeles  and  largely  for  irrigation  pumping  in  the  San 
Gabriel  Valley — celebrated  for  its  oranges  and  other  tropical 
fruits. 

The  generators  are  of  750  k.w.  normal  capacity  each,  running 
at  430  revs,  per  min.,  and  the  water  wheels  are  of  the  tangential 
type  and  mounted  on  the  same  shaft  as  the  rotor.  This  shaft  is 
9^  in  diam.  where  the  wheels  are  pressed  on,  and  is  of  forged 
steel,  carried  in  three  generator  ring-oiling  bearings — the  water 
wheel  being  located  in  what  would  ordinarily  be  the  pulley  com- 
partment of  the  generator.  The  box  bed-plate  of  the  generator 
is  enlarged  to  surround  the  water-wheel  pit,  and  has  an  opening 
of  3  ft.  4  in.  X 10  ft,  2  in.,  and  is  planed  and  fitted  along  water- 
tight joints  with  the  water-wheel  housings.  These  are  thor- 
oughly stiffened  with  internal  ribs  and  provided  with  centrifugal 
discs  and  pockets  for  preventing   leakage  of  water  from   the 
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interior  of  the  wheel  compartment  to  the  outside,  entirely  with- 
out friction. 

Each  generator  is  fitted  with  a  single  wheel  or  runner,  which, 
on  account  of  the  enormously  high  peripheral  speed  of  170  ft.  per 
second,  is  made  of  a  special  rolled-steel  plate,  thoroughly  an- 
nealed and  turned  to  eliminate  all  shrinkage  strains.  The  high 
speed  involved  is  entirely  beyond  the  limits  of  safe  practice  for 
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cast  iron,  and  large  cast  steel  discs  contain  such  dangerous  shrink- 
age strains,  in  spite  of  the  ordinary  annealing  process,  that  it 
becomes  dangerous  to  employ  them  under  such  high  water  pres- 
sures. In  addition  to  the  centrifugal  strains  in  the  rim  of  a  wheel 
of  this  character,  we  have  the  strains  due  to  water  impact  on  the 
buckets.  This  amounts  to  about  22,000  on  the  front  bolt  of  each 
of  the  buckets.   • 

The  buckets  are  of  s(jft  o])en-hearth  steel  castings,  thoroughly 
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annealed  and  machine  ground,  and  polished  on  the  inside  uo  give 
perfectly^  smooth  and  true  curved  surfaces  for  the  water  to  flow 
over.  The  front  edge  and  centre  knife  of  each  bucket  is  dressed 
to  a  perfectly  true  cutting  edge  and  carefully  centred  on  the 
wheel  rim.  The  buckets  are  cast  with  heavy  internal  projecting 
lugs,  which  are  milled  out  and  driven  over  the  wheel  centre  rim. 
The  wheel  hubs  consist  of  heavy  semi-steel  castings,  to  which 
the  steel  disc  is  securely  bolted  by  turned  nickel-steel  bolts 
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driven  in  reamed  holes.  This  disc  is  turned  perfectly  true  all 
over,  and  carefully  adjusted  to  a  running  balance  at  430  revs, 
per  min.  In  actual  operation  about  200  buckets  come  under  the 
action  of  the  high  pressure  water  jet  every  second. 

The  wheels  were  built  for  a  maximum  overload  capacity  of 
50  per  cent.,  and  for  continuous  service  of  24  hours  a  day  and  365 
days  in  the  year,  and  no  trouble  is  experienced  from  the  cutting 
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of  the  buckets  and  nozzles  by  the  high  pressure  water,  as  after 
five  months*  operation  the  wear  is  almost  imperceptible.  The 
water  is  usually  clear,  except  for  an  occasional  storm,  during 
-which  considerable  sand  and  gravel  may  be  washed  down  into  the 
reservoir  at  the  top  of  the  pipe-line.  The  most  severe  storm 
known  for  many  years  washed  considerable  sand  down  the  pipe- 
line just  after  the  wheels  were  installed  and  started  up,  but  the 
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steel  buckets  show  no  appreciable  wear  as  the  result  of  such 
severe  treatment. 

The  main  pipe-line  consists  of: 

24S5  linear  feet  of  20''  inside  diameter  sheet-steel  riveted  pipe, 
varying  in  thickness  from  14  B.W.G.  to  6  B.W.G. 

Below  this  is  2990  linear  feet  of  24^^  inside  diameter  sheet -steel 
riveted  pipe,  made  of  gaugus  running  from  No.  6  B.W.G.  to  -f^ 
of  an  inch. 
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Up  to  this  point  the  design  of  the  pipe-line  is  largely  in  accord- 
ance with  well-known  practice,  but  from  this  point  down  the 
pipe  consists  of: 

360  ft.  of  24^^  outside  diameter  i"       thick,  lap-welded  steel  pipe 
260  *'  "  24^"       *'  "         VV'' 

414  **  '*  24*^       **  **         y  **  **  **        ** 

956  **  "  24''       **  **         I'" 

And  below  this: 
620  ft.  of  24^^  outside  diameter,  f'^  thick,  lap-welded  steel  pipe. 

The  20  ft.  lengths  of  the  last  620  ft.  are  jointed  together  with 
solid  steel  flanges  welded  on  the  ends  of  the  pipe  sections,  all  of 
the  other  24^^  lap-welded  pipe  being  put  together  with  "  bump  " 
joints. 

At  the  lower  end  of  this  flanged  pipe  the  line  branches  into 
two  forks,  each  of  which  is  IS'^  outside  diameter  of  i^  thickness 
and  45  ft.  in  length.  From  each  of  these  terminals  the  pipe  again 
branches  into  two  lines,  each  being  H'^  outside  diameter  and  i" 
thick,  lap-welded — each  branch  being  40  ft.  in  length  and  ter- 
minating just  outside  of  the  power  house  wall  in  the  cast-steel 
taper  pipe  immediately  above  the  gates  of  the  water  wheels. 
The  branch  from  the  24^  to  the  IS'^  and  the  two  branches  from 
the  IS''  lines  to  the  14"  are  made  of  heavy  annealed-steel  castings. 
The  main  pipe-line,  just  before  the  cast  steel  Y  to  the  IS''  branches, 
is  supplied  with  a  heavy  pressure,  outside  screw  and  yoke,  24^^ 
gate  valve,  and  each  of  the  IS''  branch  lines  are  supplied  with 
similar  high-pressure  cast -steel  valves  so  that  the  water  supply 
to  each  of  the  water  wheels,  or  groups  of  water  wheels,  may  be 
entirely  shut  off  without  emptying  the  long  pipe. 

The  main  pipe  is  protected  from  accidental  water-hammer 
by  several  air-chambers  of  large  capacity  with  the  necessary 
equipment  of  charging  tubes,  to  recharge  the  chambers  as  the 
air  is  carried  away  in  solution.  The  H''  branch  pipes  supplying 
each  unit,  feed  through  a  cast-steel  taper  pipe  and  through  a 
lO''  single  disc,  cast-steel  body  gate  valve  of  outside  screw  and 
yoke  construction,  with  Tobin  bronze  valve  stem  and  with 
roller  bearings  for  taking  up  the  thrust  on  the  gate-nut  in  each 
direction.  All  of  the  gate  valves  are  provided  with  by -passes  to 
reduce  the  strain  when  the  gates  are  opened  or  closed. 

The  nozzle  is  one  of  the  most  interesting  features  of  the  in- 
stallation. It  consists  of  a  combination  needle  and  deflecting 
nozzle.  The  deflecting  joint  is  arranged  for  giving  the  best  possi- 
ble regulation  without  water-hammer  or  shock  in  the  pipe-line, 
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and  water  economy  is  secured  by  the  needle  nozzle  of  the  Clem- 
mons  type.  The  deflecting  nozzle  is  fitted  with  a  high  pressure 
ball  joint  pivoting  on  nickel  steel  tnmnions*  working  in  oil 
packed  gun-metal  bushings  and  with  leather  packed  ball  joint. 
By  the  motion  of  the  deflecting  nozzle  the  stream  may  be  easily 
thrown  on  or  off  of  the  buckets  by  hand,  or  automatically  by  the 
hydraulic  governor.     It  will  be  readily  appreciated    that    this 
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enables  t!ie  operator  to  var\'  tlie  power  output  from  the  wheel 
from  zero  to  maximum  instantaneously  and  with  very  small 
efTort,  witliout  in  any  way  varying  tlie  velocity  of  water  in  the 
main  pipe.  Absolutely  no  shock  is  thus  occasioned  in  the  pipe- 
line by  t!ie  action  of  the  governor  due  to  fluctuations  of  the  load. 
The  most  accurate  regulation  is  further  obtainable  owing  to 
the  very  small  amount  of  inertia  in  the  moving  parts — -the 
deflecting  nozzle  joint  weighin;^  but  a  few  hundred  lbs.  and  bein^ 
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accurately  counterbalanced — ^whereas  in  turbine  installations 
the  unbalanced  gates  and  the  inertia  of  the  moving  water 
column  seriously  interfere  with  satisfactory  regulation.  The 
governor  is  in  no  way  connected  with  the  operation  of  the  needle, 
which  is  for  the  purpose  of  re^^ulating  the  flow  of  water  through 
the  nozzle  at  different  hour^  of  tlie  day,  and  is  accomplished 
through  suitable  geared  connections  to  a  floor  stand  located 


i.:. 

iH 

K.wourmir 


Fig.  5 


above  the  power  house  floor.     The  method  of  operation  is  as 
follows : 

From  previous  records  the  station  attendant  knows  very 
closely  the  peak-load  that  is  likely  to  occur  within  the  hour,  and, 
once  an  hour,  or  thereabouts,  readjusts  the  size  of  the  stream  so 
that  it  will  easily  carry  the  peak-load.  The  governor  then  takes 
care  of  the  load  fluctuations,  maintaining  a  constant  speed  at  all 
times  by  deflecting  more  or  less  of  the  stream  from  the  water 
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wheel  buckets.     In  this  way  a  very  great  saving  in  water  over 
the  old  deflecting  nozzle  when  used  alone  is  obtained. 

By  referring  to  the  accompanying  illustrative  diagram  (Fig.  6), 
it  will  be  seen  that  the  kilowatt  hours  may  be  represented  by  the 
heavily  shaded  area  within  the  load  curves.  The  lighter  shaded 
space,  including  the  heavy  shaded  area  indicates  the  relative 
quantity  of  water  used  by  this  method  to  obtain  the  required 
output — whereas  the  very  light  shaded  rectangular  area,  be- 
tween the  straight  line  drawn  horizontal  to  the  base  and  passing 
through  the  extreme  peak,  indicates  the  quantity  of  water 
which  would  be  used  by  a  deflecting  nozzle  only  for  accomplishing 
the  same  power  output. 


"Hi 


.      -t. 

L 

'P^- 

-i 

V..- 


\i 


^'^^^^feS^^^ 


TiMc  OrOMV 

Fig.  6. 

*  It  is  obvious  that  the  best  possible  regulation  and  water 
economy  could  be  edected  without  shock  to  the  pipe-line  if  the 
needle  is  moved  very  slowly  and  follows  the  action  of  the  gov- 
ernor, closing  off  some  of  the  water  whenever  the  governor  has 
deflected  t!ie  nozzle,  or  opening  quickly  if  the  governor  calls  for 
more  power.  The  quick  opening  will  not  interfere  with  our  pipe 
safety,  whereas  quick  closing  by  the  needle  would  be  disastrous 
to  a  long  pipe-line  under  high  pressure.  With  the  hand  operated 
needle  and  automatic  governor  operated  deflecting  nozzle,  this 
can  only  be  accomplished  to  a  limited  degree,  as  the  station 
attendant  cannot  be  expected  to  remain  at  the  hand  wheel  and 
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adjust  the  size  of  the  stream  for  frequent  governor  changes.  In 
some  of  the  most  recent  plants  being  constructed  we  are  instalHng 
an  automatic  device  for  accomplishing  this  result.  This  device 
depends  upon  the  action  of  the  governor  before  starting  its 
operation  and,  in  combination  with  the  governor,  secures  the 
best  possible  regulation,  pipe  safety,  and  water  economy.     The 


a^- 


^r 


ioiiiiiiiii 


Fig.  7, 


load  curve  and  water  quantity  curve  being  almost  synchronous, 
the  quantity  of  water  used  is  about  proportional  to  tlie  kilowatt 
hours*  output,  and  exactly  so  if  we  leave  out  of  consideration  tae 
partial  load  efficiency  of  the  apparatus.  These  partial  load 
efficiencies  are,  however,  a  ver\^  small  item  in  a  station  employing 
a  number  of  units,  and  the  governors  should  be  adjusted  so  that 
they  follow  each  other  in  action — all  but  one  unit  being  run  fully 
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loaded,  and  governing  being  accomplished  on  the  remaining 
unit.  A  small  falling  oflE  at  partial  load  efficiency  on  the  unit 
doing  the  governing  will  then  represent  but  an  extremely  small 
reduction  in  the  gross  efficiency  in  the  whole  station. 

The  needle  nozzle  is  an  extremely  satisfactory  device  in  actual 
operation  when  well  designed  and  constructed,  and  the  accom- 


FiG.  8. — Type  of  tangential  water  wheel  buckets  used 
in  the  experiments  r  one  with  paint  partially  washed  out  to 
indicate  the  path  of  the  water-jet  over  the  surface  during 
normal  operation. 


panying  photograph  (Fig.  12)  of  the  jet  leaving  the  nozzle  tmder 
a  pressure  of  1923  ft.  is  interesting  as  being  probably  the  first 
instance  on  record  where  the  spouting  stream  under  anything 
like  so  high  a  water  pressure  has  been  photographed. 

Fig.  8  shows  the  series  of  buckets  on  one  ov;  the  wheels,  one  of 
which  the  writer  painted  with  a  coat  of  asphaltum  varnish- 
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After  allowing  it  to  dry  for  two  hours,  he  put  the  wheel  in  opera- 
tion. The  wheel  ran  at  normal  load,  developing  about  750  k.w. 
for  about  twenty  hours  before  being  again  shut  down.  The 
bucket  with  the  paint  still  remaining  on  it  is  clearly  shown  in  the 
photograph.  The  location  of  the  remaining  paint  clearly  shows 
that  the  water,  being  discharged  from  a  properly  designed  and 
installed  wheel  with  this  type  of  bucket,  comes  from  the  sides  of 
the  bucket  and  not  from  the  front  or  back. 

For  obtaining  reliable  data  for  use  in  the  future  design  of  water 
wheels  spme  very  careful  measurements  were  made  on  the 
-efficiency  and  output  of  these  wheels  and  the  results  are  ap- 
pended herewith  in  full. 

Although  the  plant  is  being  used  for  regular  service,  it  is  to 


Pig.  9. — Main  weir  with  hook  gauge  measuring  apparatus. 

-some  extent  in  an  experimental  condition;  as,  in  spite  of  the  high 
•efficiency  obtained,  some  changes  are  being  made  with  a  view,  if 
possible,  of  still  further  increasing  this.  It  will  be  understood 
that  the  efficiencies  given  and  exceeding  86  per  cent,  are  the  gross 
efficiencies  of  the  water  wheel  equipment,  including  the  losses  in 
the  gate-valve  and  nozzle,  the  windage  of  the  wheel,  and  sucli 
slight  losses  as  occur  in  the  buckets.  When  we  consider  that  the 
total  losses  of  this  type  of  water  wheel  apparatus  summed  to- 
gether amount  to  but  a  little  more  than  13  per  cent,  of  the 
theoretical  energy  in  the  water,  it  will  be  readily  appreciated 
that  the  results  are  extremely  high,  and  can  scarcely  be  surpassed 
by  any  other  prime  mover.  The  thoroughly  satisfactory  and 
^continuous  operation  obtainable  from  such  a  tangential  water 
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wheel  plant,  makes  it  by  far  the  most  satisfactory  power  known, 
for  electric  transmission.  The  maintenance  and  repair  ex- 
penses for  a  plant  of  this  character  are  almost  negligible. 

The  units  are  separately  excited  from  a  generator  driven  by  an 
independent  water  wheel  and  from  a  separate  pipe-line,  supplying 
only  the  exciter  wheels  during  the  test. 

The  object  of  the  tests  was  to  determine  the  efficiency  of  the 
wheel  for  different  loads  and  styles  of  nozzle-tips. 

Arrangements  for  Tests  and  Observations. 

All  the  water  delivered  by  the  wheel  under  test,  as  well  as  that 
delivered  by  the  exciters,  was  passed  over  a  rectangular  weir  of 


Fig.  10. — Exciter  measuring  weir  and  hook  gauge  meas- 
uring Apparatus.  This  photo  also  shows  the  still  water 
back  of  the  main  weir. 


ample  capacity.  The  discharge  from  the  exciter  alone  was 
passed  over  another  rectangular  weir  first,  hence  the  water  used 
by  the  wheel  under  test  was  deducted  from  the  difference  of  flow 
over  the  two  weirs.  The  output  of  the  wheel  was  determined 
by  the  electrical  output  of  the  generator,  whose  efficiency  was 
given  by  the  manufacturer  down  to  half-load. 

The  effective  head  on  the  wheel  was  determined  by  the  survey 
of  the  pipe-line  corrected  by  the  frictional  drop  as  deduced  from 
the  dimensions  of  the  pipe-line.     This  correction  is  so  small  as  to 
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be  almost  negligible  for  the  quantities  used,  in  fact  a  one  thousand 
lb.  gauge  located  forty  feet  above  the  nozzle  showed  no  appre- 
ciable change  between  the  static  head,  and  the  effective  head 
when  one  unit  was  running  full  power.  Still  the  correction  has 
been  made  whenever  appreciable. 

The  large  weir  used  for  measuring  the  combined  water  of  the 
main  water  wheel  and  exciter,  was  well  constructed  and  located, 
though  rather  too  wide  for  the  quantities  used.  The  bay  above 
was  so  large  as  to  make  the  velocity  of  approach  inappreciable. 
The  small  weir  for  measuring  the  exciter  water  was  not  so  well 
located,  but  as  its  flow  was  absolutely  ponstant,  it  was  checked 
by  the  large  weir  when  the  main  wheel  was  shut  oflE.     Consider- 


FiG.  11. — Water-wheel  housings  mounted  on  generator 
bedplate,  hydraulic  governor  and  connections  and  floor 
stand  for  controlling  needle-nozzle. 


able  difference  was  observed  between  the  measures  of  this  latter 
quantity  as  given  by  the  two  weirs,  therefore  that  deduced  from 
the  large  weir  has  been  adopted  in  the  following  calculations. 

The  output  of  the  switchboard  was  measured  by  two  watt- 
meters, each  of  which  gave  the  \yhole  output.  One  of  these  was 
an  indicating  wattmeter,  and  the  other  an  ordinary  recording 
instrument.  The  results  as  given  by  the  two  did  not  agree  for 
all  loads,  being  about  equal  at  400  k.w.,  above  this  the  latter 
reading  in  excess,  and  below  the  former.  The  comparison  of  the 
two  instruments  is. shown  in  Sheet  2.  In  the  calculations  which 
follow,  the  results  given  by  the  recording  instrument  have  been 
taken,  that  being  considered  the  more  reliable. 
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The  efficiency  of  the  generator  is  taken  as  given  by    manu- 
facturer as: 

95.6%  full-load; 

95.0%  three-quarter  load; 

92.1%  half-load. 

Calling  the  generator  cfiiciency  £,  we  have — 

E.H.P. 


H.P.  Wheel  Input  = 


-  (Exciter  H.P.) 


Fig.  12. — High-pressure    water    jet    issuing    from    the 
needle-nozzle,  under  a  head  of  1923  feet. 


As  the  field  excitation  of  the  machine  is  97  amperes,  at  70 
volts,  about  G.8  k.v/.  are  lost  in  the  field,  and  the  equation 
becomes: 

EJLP.      . 


II.P.  Wheel  Input  = 


li 


Wheel  efficiencies  depending  on  switchboard  instruments  can- 
not be  considered  as  absolute  and  can  only  show  in  a  general  way 
the  relation  between  efficiencies  under  different  conditions. 
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Results. 
The  following  constants  and  formulae  have  been  used  in  the 
calculations: 

Static  head  =  1923  feet. 

Width  of  large  weir  =  8  ft.  11/64  in. 

Width  of  small  weir  =  4  ft.  i  in 

The  quantity  of  water  has  been  computed  by  Smith's  formula: 

Q  ==  icbh  V'2YTt 
=  icb    \/29Tj 
c  being  taken  from  Smith's  tables. 


Fig.  13. — Combination  deflecting  and  needle-nozzle,  and 
needle  operating  connections  of  open-hearth  carbon  steel 
castings,  annealed. 

The  available  power  back  of  the  nozzle  is  taken  from: 
H.P.  =  0.1134  Q.H. 

In  the  electrical  horse-power  output  on  the  switchboard,  cor- 
rection has  been  made  of  4  h.p.  used  to  drive  the  blower,  which 
was  not  recorded  on  the  meters. 

Three  tests  were  made:  First,  a  run  on  a  2^  tip  with  bronze 
needle;  second,  a  run  on  a  2^^  tip  with  a  steel  needle,  and,  third, 
a  single  observation  on  a  2^''  tip,  with  a  steel  needle. 

Since  the  efficiency  of  the  generator  is  not  known  belcfw  half 


642 


HENRY  AND  LE  CONTE: 


[Sept.  25 


load  the  results  of  the  combined  efliciency  of  the  wheel  and 
generator  are  given  throughout  the  whole  range. 

Sheet  1  shows  the  curve  of  generator  efficiency. 

Sheet  2  shows  the  relation  between  the  readings  of  the  two 
wattmeters. 

Sheet  3  shows  the  efficiency  of  the  wheel  to  half-load  for  the 
first  run,  using  the  bronze  needle. 

Sheet  4  shows  the  efficiency  of  the  wheel  to  half-load  for  the 
second  run,  with  steel  needle. 


Fig.  14. — 10^  Roller  bearing  gate-valve  and  connec- 
tions put  together  with  forged  and  turned  steel  bolts  in 
reamed  holes  for  the  working  pressure  of  1923  feet. 

Sheet  5  shows  the  combined  efficiency  of  the  wheel  and  gen- 
erator throughout  the  whole  range,  with  both  needles. 

The  difference  between  the  results  with  bronze  and  steel  needles 
is  due  to  the  very  slight  difference  in  curvature  and  not  in  any 
way  to  the  difference  in  material.  The  results  show  the  necessit^'' 
for  very  careful  calculation  to  establish  the  most  efficient  shapes 
of  needle  and  tip.  When  once  obtained  the  efficiency  is  not  only 
higher  when  the  parts  are  new  but  is  retained,  also,  for  a  much 
longer  time,  just  as  would  be  expected;  less  energy  being  ex- 
pended in  eddy  currents  that  are  an  invariable  cause  of  wear 
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It  is  to  be  regretted  that,  in  taking  tliese  measurements,  only 
commercial  instruments  were  available.  These,  however,  were 
new  and  in  the  best  possible  condition,  and  there  is  no  reason  to 
believe  that  tlie  readings  are  not  absolutely  correct.  It  is  unfor- 
tunate, however,  that  they  could  not  have  been  specially  cali- 
brated for  the  work. 

In  using  the  recording  wattmeter  as  a  basis  for  efficiency 
determinations,  it  should  be  borne  in  mind  that  this  is  an  instru- 
ment that  has  been  specially  manufactured  for  recording  the 
kilowatt  hours  sold,  and  is  therefore  carefully  calibrated  in  the 
factory,  and  probably  more  reliable  than  an  instrument  used  for 
indicating  the  load  on  the  machines  only. 

In  the  accompanying  tables  the  amperes  recorded  are  taken 
from  one  leg  only  of  the  three-phase  circuit  on  which  the  load  was 
well  balanced.  Any  slight  out  of  balance  condition  would,  how- 
ever, not  materially  affect  the  result  as  the  ampere  readings  are 
used  only  to  determine  the  power-factor. 

The  voltmeter  readings  should  be  multiplied  by  7,  as  that  was 
the  ratio  of  its  switchboard  transformer. 


FIRST  TEST. 

2'  Tip,  Bronze  Needle. 

Results  (Hydraulic). 


Tim** 

Weir 

Weir 

C. 

Tf.tal 

Net 

Friction 

Effective 

H.H.P. 

(Feet) 

0- 

0. 

Head 

Head 

n.35 

5-1/16 

.422 

.616 

7.23 

6.15 

5  ft. 

1918 

1137 

12.27 

4-17/32 

.3775 

.618 

6.12 

5.04 

3.5  ft. 

1920 

1097 

1.00 

4-11/32 

.362 

.619 

6.78 

4.70 

3.6  ft. 

1920 

1024 

1.20 

4-3/32 

.341 

.621 

6.285 

4.205 

2  ft. 

19^1 

916 

1.30 

3-13/16 

.318 

.622 

4.78 

3.70 

1.5  ft. 

1922 

807 

1.45 

3-11/32 

.279 

.625 

3.945 

2.885 

1ft. 

1922 

624r 

1.57 

3-5/64 

.256 

.627 

3.48 

2.40 

0 

1923 

524 

2.10 

2-29/32 

.242 

.628 

3.205 

2.125 

0 

1923 

40» 

2.15 

2-9/16 

.213 

.631 

2.66 

1.58 

0 

1923 

345 

2.20 

2-17/64 

.189 

.634 

2.23 

1.15 

0 

1923 

251 

2.30 

1-27/32 

.1535 

.640 

1.65 

.67 

0 

1923 

124 

3.00 

1-3/8 

.1145 

.650 

1.08 

0 

0 

1923 

0 
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FIRST  TEST. 

2'  Tip,  Bronze  Needle 

Results  (Electrical,  etc.). 


Indicating 

Recording 
Wattmeter 

Power 

Efficiency 

Wheel 

EiBciencies. 

Time 

Wattmeter 

Factor 

Ol 

Generator 

Input 

K.W. 

E.H.P. 

Wheel 

Combined 

11.35 

780 

(826) 

(1107) 
891 

.88 

96.6 

1153 

86.2 

82.8 

12.27 

640 

665 

.88 

95.3 

931 

84.9 

81.8 

1.00 

575 

593 

795 

1. 

95.1 

832 

81.2 

78.0 

1.20 

500 

510 

684 

.98 

94.4 

720 

78.6 

75.1 

1.30 

425 

423 

667 

.92 

93.3 

603 

77.2 

70.7 

1.45 

330 

320 

429 

.83 

90.5 

474 

76.0 

69.4 

1.67 

290 

269 

360 

69.5 

2.10 

260 

2.15 

180 

146 

196 

57.9 

2.20 

125 

82 

110 

45.5 

2.30 

50 

— 

— 

3.00 

37.5 

0 

0 

FIRST  TEST. 
2*  Tip,  Dronze  Needle. 


RecorrUn 

T 

Time 

Weir 

Indicating 
Wattmeter 

Wattmeter 

Volts 

Atni)eres 

Speed 

i  ime 

Rev. 

11.35 

5-1/16 

780 

108 

620 

425 

12.27 

4-17  32 

640 

2  min.-lO  sec. 

8 

108 

500 

432 

1.00 

4-11   32 

575 

3     ..        2    •• 

10 

108.5 

450 

434 

1.20 

4-3/32 

500 

3     *•      32    •• 

10 

108.5 

395 

— 

1.30 

3-13^16 

425 

3     "      24    " 

8 

108.5 

350 

428 

1.45 

3-11-32 

330 

2     "      49    " 

5 

108 

295 

428 

1.57 

3-5/64 

200 

3     ••      21     " 

5 

108.5 

255 

— 

2.10 

2-29/32 

260 

-   "      — 

— 

107.5 

240 

— 

2.15 

2-9/16 

180 

1      ••       14    " 

1 

108 

205 

431 

2.20 

2-17/64 

125 

2     '•       12     •• 

1 

108 

200 

— 

2.30 

1-27/32 

50 

—           — 

— 

108 

180 

2i:8 

3.00 

1-3  8 

37  i 

SECOND  TEST. 

2r  Tip,  Steel  Needle. 

Observations. 


Time 

Weir 

Indicating 
Wattmeter 

Recordinif 

Wattmeter 

Volts 

108 

108 

lOK 

108 

108 

107.5 

108.5 

109 

107 

Amperes 

Speed 

Time 

Kev. 

3 
5 

7 
10 
10 

8 
10 
15 

5.10 
5.15 
5.22 
5  30 
5.40 
5.55 
«.00 

11.35 

1-25/64 

2-23/32 

3-3/8 

3-15/16 

4-5/16 

4-9/16 

4-47/64 

4-7/8 

5-3/32 

375 
215 
340 
450 
500 

700 

7r>o 

787 

2  min.-49  sec. 
2     ••      43    •• 

2  "      46    •• 

3  ••        9    •• 
2     "      42    •• 

1  ••      58    " 

2  "      20    *• 

3  •'      15    •• 

0 

180 
255 
350 
430 
600 
540 
580 
615 

4£8 

430 
432 
433 
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SECOND  TEST. 
2r  Tip.  Steel  Needle. 
Results  (Hydraulic). 


Time 

Weir 

Weir 

C. 

Total 

Net 

Friction 

Effective 

H.H.P. 

Feet 

0. 

0. 

Head 

Head 

5.10 

1-25/64 

.1158 

.649 

1.096 

0 

0 

1923 

0 

5.15 

2-23/32 

.226 

.633 

2.91 

1.814 

0 

1923 

39& 

5.22 

3-3/8 

.281 

.624 

3.98 

.2.889 

1 

1922 

630 

5.30 

3-15/16 

.328 

.621 

5.00 

3.904 

2 

1921 

851 

5.40 

4-5/16 

.359 

.619 

5.705 

4.609 

3.5 

1920 

100» 

5.55 

4-9/16 

.380 

.618 

6.20 

5.104 

3.5 

1920 

1112 

6.00 

4-47/64 

.394 

.617 

6.54 

5.444 

4.5 

1919 

118» 

— 

4-7/8 

.406 

.617 

6.84 

6.744 

5 

1918 

1252 

11.35 

5^3/32 

.424 

.616 

7.28 

6.189 

5 

1918 

1347 

SECOND  TEST. 

2'  Tip,  Steel  Needle. 

Results  (Electrical,  etc.). 


Indicating 

Recording 
W'nttmeier 

Power 

(Generator 

Wheel 

Efficiencies 

Time 

Wattmeter 

reactor 

Efficiency 

Input 

K.W. 

E.H.P. 

Wheel 

Combined 

5.10 

37.5 

0 

0 

5.15 

215 

192 

257 

.81 

— 

66. 0 

5.22 

340 

331 

443 

.99 

91.0 

482 

76.5 

71.0 

5.30 

450 

455 

610 

.99 

93.8 

646 

75.9 

72.1 

5.40 

560 

572 

767 

.99 

95.0 

799 

79.5 

76.7 

5.55 

635 

666 

892 

:97 

95.5 

940 

84.5 

80.6 

6.10 

700 

732 

982 

.98 

95.6 

1022 

86.1 

83.1 

— 

750 

772 

10.35 

.98 

95.6 

1074 

85.8 

83.0 

11.35 

787 

831 

1114 

.fK 

95.6 

1156 

8.^.8 

82.6 

THIRD  RUN. 

21*  Tip.  Steel  Needle. 

Obser^'ations. 


Time 

Weir 

Indicating 
Wattmeter 

Recording  Wattmeter 

Vf.lts 
108 

Ami»eres 

Speed 

Time 

Rev. 

3.10 

5-7/16 

870 

2  min.-2.5  sec. 

10 

680 

430 

RESULTS— (HYDRAULIC). 


Time 

Weir 

Weir 

(feet) 

C. 

Total 
0 

Net 

0. 

Friction 
Loss 

7.5 

Effective 
Head 

1916 

H.H.P. 

3.10 

5  7/16 

.453 

.615 

8.04 

6.89 

1511 

RESULTS— (ELECTRICAL.  Etc.). 


Time 

Indicating 
Wattmeter 

Recordinflj 
Wattmeter 

Power 
x'^actor 

Generator 
Efficiency 

Wheel 
Input 

Efficiencies 

K.W. 

ii.rl.P. 

Wheel 
81.4 

Jombined 

3.10 

870 

882 

1181 

.r8 

95.6 

1230 

78.2 
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Discussion  on  Paper  bt  Gborgb  J.  Henry,  Jr.,  and  Joseph 

N.Le  Conte,entitled/*An  Efficient  High  Pressure 

Water   Power  Transmission   Plant." 


Mr.  F.  O.  Blackwell: — ^The  Redlands  plant  is  the  first 
three-phase  power  transmission  plant  in  the  United  States.  It 
had  at  first  two  250  k.w.  2500  volt  generators,  operated  by- 
wheels  under  a  300  foot  head,  and  a  seven  mile  transmission; 
synchronous  motors  were  used.  Later,  ahead  of  800  feet  was 
developed,  and  two  450  k.w.  11,000  volt  machines  were  operated 
on  a  30-mile  transmission.  This  plant  was  connected  in  parallel 
.with  the  Santa  Ana  plant,  which  supplied  a  transn:iission  line 
90  miles  long  to  Los  Angeles.  The  plant  described  in  the  paper 
operates  under  a  head  of  2,000  feet  and  has  a  capadty  of  4,000 
h.p.,  using  the  same  water  as  the  former  plant.  The  generators 
are  of  low-voltage,  the  line  pressure  is  33,000  volts,  and  feeds 
into  the  same  transmission  lines  to  Los  Angeles.  The  Los 
Angeles  Edison  Company  controls  seven  power  stations,  located 
at  points  as  far  apart  as  100  miles — all  feeding  the  same  trans- 
mission system,  and  operating  practically  as  one  station;  they 
are  now  developing  a  new  plant  on  the  Kern  River,  of  a  capacity 
of  20,000  h.p.  to  operate  at  60,000  volts  and  transmit  150  miles 
to  Los  Angeles.  Thus  the  history  of  this  system  embodies  the 
entire  development  of  hydro-electric  transmission  in  this  country. 

The  diameter  of  the  water  wheel  described  in  Mr.  Henry's 
paper  is  7  feet;  that  of  the  nozzle  2  inches.  This  ratio  of  40  to  1 
and  the  use  of  the  needle  nozzle  probably  account  for  the  very 
high  efficiency  obtained  —  particularly  at  partial  load.  The 
original  Redlands  plant,  under  a  300  foot  head,  had  an  efficiency 
of  less  than  70  per  cent,  at  full  load  and  30  per  cent,  at  half  load ; 
this  plant  has  an  efficiency  of  85  per  cent,  at  full  load  and  75  per 
cent,  at  half  load. 

The  regulation  attained  —  about  2  per  cent.  —  is  extremely 
close — as  good  as  the  best  steam  engines.  The  curve  of  efficiency 
is  peculiar,  being  high  at  full  load,  dropping  off  suddenly  at 
three-quarter  load,  and  then  returning  to  the  same  efficiency  at 
half  load.  The  reason  for  this  is  not  clear,  but  it  is  probably 
correct,  since  both  tests  show  the  same  peculiarity.  The  water 
may  spatter  more  at  certain  points,  when  the  needle  is  thrust  into 
the  nozzle,  than  at  others,  and  this  may  account  for  the  lower 
relative  efficiency  at  three-quarter  load. 

Mr.  H.  A.  Lardner: — The  pipe  line  of  the  Santa  Ana  plant 
of  the  Lcs  Angeles  Edison  Company  operates  under  a  head  of 
about  650  feet  and  is  built  of  wrought  iron  pipe  with  fianged 
joints  bolted  together  without  provision  for  expansion.  The 
head  waters  of  the  stream  furnishing  water  for  this  and  many 
other  of  the  high  head  plants  in  California  are  m  the  r^on  of 
perennial  snow,  and  the  temperature  of  the  water  is  quite  uniform 
throughout  the  year.  Most  of  the  pipe  lines  are  buned,  and  on 
account  of  the  uniformity  in  temperature  of  the  water,  no  par- 
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ticular  difficulty  from  expansion  and  contraction  is  experienced. 
Some  of  the  pipe  lines  are  anchored  in  two  or  three  places  where 
the  condition  of  the  rock  permits,  but  as  nearly  all  of  them  have  a 
considerable  curvature  either  in  a  vertical  or  horizontal  plane, 
they  are  to  quite  an  extent  self-anchored  when  buried. 

One  plant  in  Colorado  has  a  pressure  pipe,  operating  under 
1100  feet  head,  made  of  riveted  wrought  iron  sections.  The 
sections  are  lap-riveted  together.  This  type  of  pipe  has  not 
many  advocates,  owing  to  the  difficulty  in  making  repairs. 

The  plant  of  the  Standard  Electric  Company  in  California, 
operating  under  a  head  of  1600  feet,  has  a  cast  iron  section  in 
the  pressure  pipe  for  the  upper  one-third.  This  cast  iron  pipe 
has  leaded  bell  joints  and  each  bell  is  anchored  by  a  concrete 
block  which  is  firmly  embedded  into  the  rock  of  the  moimtain 
side. 

The  wheels  employed  in  this  plant  have  but  one  set  of  buckets. 
Some  of  the  high  head  wheels,  notably  those  of  the  2000  k.w.  of 
the  Standard  Electric  Company,  have  two  sets  of  runners  and 
nozzles  in  the  same  casing.  These  runners  are  about  14  inches 
apart  in  the  Standard  Company's  wheels  and  the  nozzles  are  so 
controlled  that  they  are  operated  very  much  as  the  author 
operates  two  generators — one  nozzle  remains  full  on  its  set  of 
buckets  down  to  half  load  while  between  half  load  and  full  load 
the  other  nozzle  is  thrown  on  or  off  to  meet  the  demand  of  the 
load.  If  the  load  is  less  than  half,  the  water  is  entirely  shut  off 
fr^m  one  of  the  nozzles  and  the  governor  controls  the  remaining 
one.  Needle  valves  are  not  used  at  the  Standard  plant,  but  I 
should  think  that  with  large  units  it  might  be  an  added  economy 
to  have  not  only  a  double  nozzle  but  the  needle  valve  as  well. 

It  would  be  interesting  to  know  the  efficiency  of  the  needle 
valve  in  different  positions,  and  if  this  varies  much,  the  addition 
of  the  two  nozzles  and  sets  of  runners  would  tend  towards  a 
more  efficient  unit. 

Mr.  B.  J.  Arnold: — Engineers  who  practice  in  the  East  iand 
Middle  West  have  little  to  do  with  water  power  plants,  and  with 
them  it  is  nearly  always  a  question  whether  to  use  water  power 
or  put  in  a  steam  plant.  Generally  speaking,  when  the  reduction 
of  water  power,  due  to  the  Winter  period,  is  considered,  it  will 
be  found  desirable  to  put  in  a  steam  plant  rather  than  a  water 
plant,  but  this  consideration  does  not  apply  to  high  pressure 
water  power  plants  where  the  wat^r.supply  is  continuous,  nor 
does  it  apply  where  the  cost  of  coal  is  verv  high. 


A   paptr    read   at    the    Vl^th    Meeting    of    the 
AmerieoH  Institute  of   Eieetrieal  Engineers, 
New  York,  September  25,  1903. 
Copyright  1003.  by  A.  I.  E.  B. 


ELECTRIC  MOTORS  FOR  CENTRIFUGAL  PUMPS  AND 

FANS. 


BY  AUG.  J.  BOWIE,  JR. 


The  rapidly  increasing  use  of  electric  motors  for  driving  centri- 
fugal pumps  and  fans  renders  important  the  study  of  loads  of  this 
nature  under  the  varying  conditions  encountered  in  practice. 
The  possible  loads  which  may  thus  be  thrown  on  a  motor,  due  to 
variations  in  speed,  or  in  the  head  against  which  the  pump  or 
fan  which  it  drives  must  operate,  are  serious  enough  to  warrant 
careful  consideration. 

The  problem  of  determining  the  proper  capacity  of  a  motor 
is  not  always  easy  to  solve.  The  solution  is  too  often  the  result 
of  guesswork,  and  is  liable  to  be  seriously  in  error.  In  the  case 
of  direct-acting  pumps  working  against  a  known  head,  the  proper 
motor  capacity  can  be  easily  calculated.  The  most  economical 
size  of  motor  for  the  purchaser,  however,  may  not  be  solely  de- 
termined by  the  possible  loads,  and  their  duration,  which  the 
motor  may  be  called  upon  to  carry.  Particularly  is  this  true 
where  a  flat-rate  system  is  in  vogue  and  where  power  is  purchased 
at  a  price  depending  upon  the  rating  of  the  motor  and  not  upon 
the  power  actually  used.  This  system  of  charging  for  power 
may  lead  to  great  abuse  in  the  underrating  of  motors;  on  the 
other  hand,  it  may  work  a  great  hardship  on  a  purchaser  of  power 
who  innocently  uses  a  motor  far  larger  than  is  necessary  and  who 
therefore  pays  for  power  that  is  not  consumed.  Several  instances 
of  the  latter  have  come  under  the  writer's  observation,  and  in  his 
opinion  the  system  should  be  condemned.  Where  measurements 
of  power  are  taken  as  a  basis  for  determining  the  flat  rate,  such 
measurements  should  be  taken  under  the  averr.ge  running  con- 
ditions.    A  variation  in  these  coniitions  may  lead  to  a  very 
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erroneous  system  of  charges  in  the  case  pf  centrifiigal  pumps 
and  fans,  as  will  be  seen  later. 

For  centrifugal  ptunps  and  fans  the  power  required  for  opera- 
tion at  a  rated  speed  and  head  is  by  no  means  all  that  need  be 
known.  One  should  also  know  the  maximum  load  which  can 
ever  come  on  the  motor  when  driving  the  ptmip  or  fan  at  the 
rated  speed  and  imder  any  possible  head.  The  maximtmi  may- 
be far  in  excess  of  the  rating. 

The  problem  in  case  of  centrifugal  ptunps  and  fans  will  be 
treated  tmder  the  following  three  heads:  (1),  Constant  speed 
and  varying  heads;  (2),  Changing  speed  with  head  varying 
directly  as  the  square  of  the  speed;  and  (3),  Constaiit  head  and 
varying  speed. 

1.  Constant  Speed  and  Varying  Heads.* — ^The  following 
treatment  applies  equally  well  to  centrifugal  pumps  and  to  cen- 
trifugal fans,  as  the  same  laws  govern  the  flow  of  air  and  water, 
but  piunps  alone  will  be  considered.  Represent  by  H  the  head 
generated  by  the  pump.  This  is  equal  to  the  difference  between 
the  discharge  and  suction  pressures  plus  the  difference  between 
the  discharge  and  suction  velocity  heads.  Represent  by  Q  the 
cubic  feet  of  water  discharged  per  minute.  The  general  equa- 
tion expressing  the  relation  between  Q  and  H  is,  H  ^  A  -  B  Q* 
+  CQ.  where  A,  B,  and  C  are  constants. 

This  is  the  equation  of  a  parabola,  and  it  will  approximately 
represenf  the  actual  curves  obtained  in  practice.  Back-slippage 
through  the  running  rings  of  the  pump  has  not  been  taken  into 
account  in  the  above  equation,  and  will  account  in  part  for 
discrepancies  between  theoretical  and  actual  results. 

The  pressure  exerted  by  the  pump  is  a  maximum  when 
the  first  derivative  of  H  with   respect  to  Q,  -  Df^H  ^  0. 

C  (P 

Hence,  when  2  B  Q  =  C,  Q  =  "o-b*  ^^nd  H  ^  A-\-  to.  is  the  maxi- 
mum value. 

Let  W^,  =  output  of  pump  in  watts.  Vf^^KHQ,  K  being  a 
constant.  W^^/fO  {A  -  BQ^  +  CQ).  This  is  a  maximum  when 
DgW^O,  or  

A  -  3BQ^  +  2C0  =  0.         0  =  .^  ±  ^'—  -f  —  ,     corresponding 

SB  3B^9B^- 

to  H  =  iA  -f  JCQ.     In  some  pumps  the  constant  C  is  so  small 

that  it   may  be  disregarded.        In  this  event   the  maximum 

head  is  obtained  at  zero  discharge  and  is  equal  to  A»       The 

♦The  compressibility  of  air  is  not  taken  into  account,  as  the  pressures 
at  which  fans  are  run  are  so  light  that  this  is  a  matter  of  small  importance. 
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maximum  output  of  the  ptunp  is  obtained  at  a  head  of  iA. 
The  relative  values  of  C  and  B  determine  the  nature  of  the 
output  curve  of  the  pxmip  and  the  maximxmi  obtainable  pressure. 
If  B  be  fixed,  the  greater  the  value  of  C  the  greater  will  be  the 
capacity  of  the  pump.  If  C  be  fixed,  the  less  the  value  of  B 
the  greater  will  be  the  pump  capacity.  However,  the  relative 
values  of  C  and  B  will  have  a  very  important  bearing  on  the 
ratio  between  the  maximiun  power  required  to  run  the  pump, 
and  the  power  required  to  run  it  at  the  point  of  highest  effi- 
ciency, or  at  the  point  of  maximum  output. 

The  quantity  -p-  is  influenced,  largely,  by  the. angle  which  the 

vanes  of  the  pump  make  with  the  radial  at  the  external  periph- 
ery, as  well  as  by  the  width  of  the  face  of  the  runner.  How- 
ever, it  is  beyond  the  scope  of  this  paper  to  enter  into  a  dis- 
cussion of  the  design  of  pumps,  other  than  in  a  general  way, 
so  as  to  show  the  effect  of  the  design  upon  the  maximum  power 
required  to  drive  the  pump.  Usually  this  power  will  increase 
as  the  effective  head  of  the  pump  decreases.  This  would  nat- 
urally be  expected  as  long  as  the  energy  output  of  the  pump  is 
on  the  increase,  but  after  the  latter  starts  to  decrease  it  might 
be  considered  natural  to  look  for  a  decrease  of  the  driving 
power.  When  B  is  fixed,  the  smaller  the  value  of  C  the  less 
will  be  the  tendency  of  the  pump  to  require  additional  power 
to  drive  it  at  heads  lower  than  its  rated  capacity,  and  the 
higher  the  value  of  C  the  greater  will  this  additional  power 
become.     When  C  is  fixed,  the  reverse  holds  true  for  B, 

A  centrifugal  pump,  when  operated  at  too  low  a  head,  shows 
a  very  low  efficiency.  In  general,  however,  with  a  well-designed 
pump,  the  range  of  efficient  operation  for  a  constant  speed  is 
fairly  broad.  The  principle  point  which  the  writer  wishes  to 
bring  out  in  this  connection  is  the  danger  of  overloading  a 
motor  through  too  low  a  head.  A  manufacturer  will  usually 
guarantee  a  certain  efficiency  and  input  for  a  pump  at  its  rated 
load,  but  will  say  nothing  concerning  the  power  repuired  to 
drive  it  at  heads  lower  than  that  specified  by  the  purchaser.  The 
question  may  arise,  why  not  give  a  pump  the  proper  speed  for  a 
given  head.  This  is  frequently  impracticable,  since  pumps  must 
often  be  installed  to  work  under  widely  varying  heads,  where 
it  is  not  an  easy  matter  to  change  the  speeds.  Oftentimes 
the  heads  to  which  the  water  must  be  elevated  may  vary  prac- 
tically from  zero  to  the  maximum  head  against  which  the 
pump  will  deliver.     In  some  cases  these  overloads  may  be  of 


652  BOWIE:  MOTORS  FOR  PUMPS.  [Sept.  25^ 

long  duration,  and  a  sufficiently  large  motor  should  be  in- 
stalled. On  the  other  hand,  the  maximum  load  will  often 
be  only  of  short  duration,  as  for  example  in  the  case  of  pump- 
ing from  a  well,  particularly  where  there  is  a  pit  in  connec- 
tion with  it,  which  is  partially  filled  with  water.  Generally 
it  will  not  take  the  pxmip  long  to  lower  the  water  consider- 
ably; and,  as  a  rule,  then,  the  duration  of  overload  will  be 
brief. 

The  behavior  of  centrifugal  pumps  may  be  represented  very 
completely  by  four  curves.  These  curves  are  based  upon  an 
absolutely  fixed  speed.  Corrections  for  variations  from  this 
speed  may  be  made  without  difficulty.  These  curves  have,  in 
each  case,  for  abscissae,  the  volimies  of  the  fluids  delivered  in 
a  fixed  time  interval;  for  ordinates  they  have  respectively, 
head,  watts  input  to  pump,  watts  output  from  pimip,  and 
piimp  efficiency. 

The  last  two  curves  determine  the  proper  rating  of  the  ptimp. 
In  general,  the  maximum  efficiency  occurs  before  arriving  at 
the  point  of  maximum  output.  The  proper  rating  is  somewhat 
indefinite,  as  will  appear  from  the  appended  curves  obtained 
in  practice.  The  natural  tendency  of  a  manufacturer  is  to  rate 
his  pimips  as  high  as  possible.  Still,  he  does  not  care  to  go 
far  beyond  the  point  of  maximum  efficiency  at  the  full-load 
rating. 

The  accompanying  curves  show  the  results  of  tests  on  two 
fans  with  the  same  casing  but  with  different  runners.     In  the 

first  set  -TT  is  smaller  than  in  the  second  set.     According  to  the 

curves,  the  first  fan  is  of  smaller  capacity,  but  of  higher  effi- 
ciency than  the  second.  Particularly  noticeable  is  the  curve  of 
watts  input,  which  in  the  first  case  shoys  a  decided  concavity 
towards  the  X  axis,  shortly  after  passing  the  maximum  output 
of  the  pump.  On  the  contrary,  in  the  second  case  the  cor- 
responding curve  becomes  slightly  convexed  towards  the  A" 
axis,  and  requires  far  more  power  under  low  heads.  Thus  the 
ratio  of  maximum  outputs  is  1.15,  and  the  ratio  of  maximum 
inputs,  within  the  range  of  the  tests,  is  1.68.  These  fans  repre- 
sent by  no  means  extreme  conditions.  In  the  case  of  the  second 
fan,  if  it  should  be  called  upon  to  operate  under  the  lowest 
head  tested,  and  if  it  were  rated  at  the  point  of  maximum 
efficiency  and  a  con-esponding  motor  were  installed,  then  this, 
motor  would  be  liable  to  an  overload  of  89%. 
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2.  Changing  Speed  with  Head  Varying  Directly  as  the 
Square  of  the  Speed. — If  a  centrifugal  pttqip  delivers  Q  cubic 
feet  of  water  per  minute,  against  a  pressure  of  H  feet  while  run- 
ning at  R  revolutions  per  minute,  and  then  if  the  speed  be  altered 
to  Ri  =  KR,  it  will  deliver  Qi  =  KQ  cubic  feet  per  minute  against 
a  pressure  Hy  =  K^H  feet.  If  W=  watts  output  of  pump  in  the 
first  case,  and  /  =  watts  input  to  pump,  then  W^^K^W,  and 
Iy=^KH,  These  equations  follow  from  the  proportionality  be- 
tween the  head  generated  and  the  square  of  the  speed,  and 
because,  when  the  volumetric  output  varies  directly  as  the 
speed,  the  relative  angles  of  motion  of  the  water  are  not  altered, 
furthermore,  all  frictional  losses  vary  as  the  cube  of  the  speed. 
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and  all  voliunetric  leakage  losses  vary  as  the  speed.  Hence  it 
follows  that  increasing  the  speed  of  the  runner,  where  the 
effective  head  varies  as  the  square  of  the  speed,  will  result  in 
increasing  the  capacity  of  the  pump  directly  as  the  speed,  and 
increasing  the  power  input  and  output  directly,  as  the  cube  of 
the  speed.  The  conditions  presupposed  in  this  case;  namely, 
that  the  head  varies  as  the  square  of  the  speed,  is  the  condition 
which  exists  in  the  case  of  ventilating  fans,  where  the  head  is 
used  up  in  friction  in  the  pipe,  and  in.  the  velocity -head  of  dis- 
charge from  the  pipe.  This  velocity -head,  and  also  the  fric- 
tion head  VBry  as  the  square  of  the  discharge  from  the  pipe. 

What  concerns  the  motor  capacity  particularly  is  the    fact 
that  the  power  varies  directly  as  the  cube  of  the  speed.     Hence 


654 


BOWIE:  MOTORS  FOR  PUMPS. 


[Sept.   25 


the  /'  R  loss  in  the  armature  varies  as  the  sixth  power  of  the 
speed. 

3.  Constant  Head  and  Varying  Speed. — This  is  the  con- 
dition which  exists  when  pumping  against  a  fixed  lift,  when 
the  velocity-heads  lost  at  entrance  and  discharge,  and  when  the 
frictional  losses  in  the  pipe  may  be  disregarded  in  comparison 
with  the  lift. 

\n  this  case,  and  likewise  in  case  2,  the  characteristic  curves 
of  a  pump  under  variation  of  speed  can  be  obtained  from  those 
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Fig.  2. 

at  another  speed  in  the  following  manner:  Let  5  =  speed  of 
pump  at  which  curves  are  known,  H  =  head;  W^  =  watts  input; 
Wq  =  watts  output;  E  =  efficiency;  rate  of  discharge  =  Q, 
Then  if  the  speed  be  changed  to  if  5,  the  corresponding  points 
on  the  new  curves  for  this  speed  will  be:  K^  H  =  head;  K^  W 
=  watts  input  K^  W^  =  watts  output;  E  =  efficiency;  K  Q  ^ 
rate  of  discharge. 

It  is  evident  that  the  apparatus  of  case  3  will  operate  at  a 
point  situated  farther  along  on  the  curves  than  that  of  case 
2;  the  result  being  a  greater  delivery  of  water,  and   usually   a 
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greater  input  to  the  ptunp.  In  general,  this  input  will  vary 
faster  than  the  cube,  but  not  so  fast  as  the  fourth  power  of 
the  speed, — as  an  approximation,  say  as  the  3.5  power  of  the 
speed.  This  makes  the  P  R  loss  in  the  armature  vary  as  the 
seventh  power  of  the  speed.  Thus  10%  increase  m  speed  repre- 
sents 40%  increase  in  power  and  96%  increase  in  the  P  R  loss 
in  the  armature.  From  this  it  may  be  seen  what  an  extremely 
large  effect  speed-variation  has  on  motors  driving  centrifugal 
apparutus.  There  is  perhaps  no  other  form  of  apparatus  so 
sensitive  to  change  of  speed  in  its  power  consumption.  The 
effect  which  a  steady  pump  load  has  in  holdmg  the  voltage 
constant  by  preventing  the  racing  of  generators  is  thus  ex- 
plained. 

If  centrifugal  apparatus  be  provided  with  induction  or  syn- 
chronous motors,  then  the  speed  is  practically  fixed  by  that  of 
the  prime  mover,  so  that  the  maximimi  load  for  the  motor 
with  a  given  pvunp  or  fan  is  determined. 

Speed  control  of  direct  current  motors  by  variation  of  field 
resistance  has  a  limited  range  in  practice  and  has  many  points 
which  tend  to  make  it  objectionable  for  the  best  conditions  of 
commutation.  Even  at  best  there  will  be  considerable  field 
distortion  at  the  high  speeds.  The  effect  of  a  load  which 
would  increase  as  the  cube  of  the  speed,  and  even  faster,  would 
seem  to  limit  still  further  the  allowable  speed  variation  to  be  ob- 
tained in  this  manner.  In  view  of  these  facts  it  is  well  to  pro- 
vide a  motor  of  ample  size  for  such  work,  and  at  the  same  time  to 
see  that  the  field  rheostat  cannot  out  in  enough  resistance  to 
overload  the  motor.  As  has  been  shown,  the  volumetric  output 
of  a  centrifugal  pump  varies  directly  as  the  speed  of  revolution. 
In  spite  of  this  fact,  many  manufacturers  rate  their  pumps  at 
a  fixed  volumetric  output,  and  publish  a  list  of  suitable  speeds 
for  different  heads  under  which  it  may  be  desired  to  operate 
the  pimip.  In  some  cases  the  highest  speed  given  in  these 
lists  is  three  or  more  times  as  great  as  the  lowest  speed.  Such 
misinformation  leads  to  a  great  deal  of  trouble  and  cannot  be 
too  strongly  condemned. 

In  regard  to  the  statement  previously  maae,  that  the  effi- 
ciencies of  pumps  and  fans  were  independent  of  the  speed,  proper 
changes  being  made  for  head  and  discharge,  no  consideration 
was  taken  of  the  effect  of  unbalance  of  the  runner  or  of  bearing 
or  stuffing-box  friction.  These,  of  course,  would  modify  the 
results  obtained.  Lack  of  proper  running  balance  is  very  apt 
to  cause  serious  less  of  power. 
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Discussion  on  Paper  by  August  J.  Bowie,  Jr.,  Entitled 
•*  Electric  Motors  for  Centrifugal  Pumps." 


Mr.  H.  G.  Stott: — ^The  experience  of  the  speaker  is  that 
the  variation  in  the  power  required  by  a  centrifugal  pump 
working  under  different  heads,  is  so  complex  that  it  is  impossible 
to  make  any  flat  rate  for  electric  power  for  this  service ;  the  best 
method  of  charging  is  by  wattmeter.  As  applied  to  barometric 
condensers  where  a  variable  speed  is  demanded,  centrifugal 
pumps,  driven  by  shunt  wound,  direct  current  motors,  do  not 
give  good  service.  In  starting  a  condenser  without  a  vaccuum, 
a  speed  at  least  15  per  cent,  greater  than  normal  speed  is  required ; 
when  a  partial  vacuum  has  been  established,  a  heavy  overload 
comes  on  the  motor,  and  in  all  probability  the  circuit-breaker 
opens  and  the  pump  stops.  When  variable  speed  or  variable 
head  is  required  with  a  centrifugal  ptimp,  a  steam  engine  with  a 
throttling  governor  is  far  preferable. 

Mr.  F.  O.  Blackwell: — A  particularly  good  feature  of  the 
reciprocating  pump  is  that  it  can  be  operated  at  any  speed  under 
a  ccnstant  head  and  will  provide  for  a  wide  range  of  capacities. 
With  a  centrifugal  pump  on  an  ordinary  supply  system,  if  the 
water  is  net  drawn  off,  the  head  increases  until  the  pump  delivers 
no  water;  but  when  the  water  is  drawn  off,  the  pressure  drops, 
and  the  pump  immediately  begins  to  deliver  water.  A  variation 
of  perhaps  20  per  cent,  in  the  back  pressure  on  a  centrifugal  p\imp 
will  determine  whether  the  pump  will  work  at  full  capacity  or 
deliver  no  water;  or,  conversely,  a  variation  of  only  about  20 
per  cent,  in  speed  is  required  between  delivery  of  no  water  and 
full  capacity;  from  this  point  of  view,  the  centrifugal  pimip  is 
ideal  for  electrical  purposes ;  it  also  has  the  advantage  of  operat- 
ing at  high  speed.  Centrifugal  pumps  for  very  high  heads,  with 
several  sets  of  runners,  each  feeding  into  the  next,  is  a  very 
promising  development,  and  in  the  opinion  of  the  speaker,  will  , 

in  time  replace  the  reciprocating  pump  altogether.     Such  pumps  , 

are  now  made  with  seven  or  eight  runners,  each  lifting  the  water  | 

100  feet,  thus  giving  a  total  lift  of  700  or  800  feet,  with  an  | 

efficiency  of  80  per  cent. — a  figure  practically  equal  to  that  given  | 

by  the  reciprocating  piunp.  i 
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THE  CONDITIONS  GOVERNING  THE  RISE  OF 

TEMPERATURE  OF  ELECTRIC  RAIL- 

WAY  MOTORS  IN  SERVICE. 


BY  GARY  T.  HUTCHINSON. 


In  a  former  paper  read  before  the  Institutb  (Trans.  Am. 
Inst.  E.  E.,  Vol.  XIX.,  p.  129),  I  described  a  method  for  deter- 
mining the  motor-capacity  and  energy  required  to  make  any 
schedule  speed  for  a  run  of  any  distance,  with  electric  motors. 
Since  that  time  I  have  extended  the  method  to  include  the  pre- 
determination of  the  rise  of  temperature  of  the  motor  when  those 
constants  of  the  motor  are  known,  upon  which  the  rise  of  tem- 
perature depends. 

In  that  investigation  the  time  required  for  each  of  the  three 


Fig.  1 


periods  of  the  **  type-run,"  shown  in  Fig.  1,  was  first  determined; 
this  was  an  algebraical  problem,  the  solution  of  which  involved 
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the  initial  acceleration  (a),  the  coasting  retardation  (6),  the 
retardation  after  braking    (c),  the  length  of  the  run  and  the 
average  speed  from  start  to  stop.    I'hese  equations  are: 
x/T  -  2AJa^K,  (A,^A)^ 
y/T^  KAAo'A)^ 

z/T  =  2A,/c'-KAAo-A)^ 
in  which  K^,  AT,,  K^  and  A^  are  simple  functions  of  (a),  (6)  and  (c) 
only ;  x,  y  and  z  are  respectively  the  times  of  initial  acceleration, 
coasting  and  braking,  and  T  the  total  time,  as  shown  in  Fig.  1. 
The  only  quantity  occurring  in  these  equations  other  than  the 
three  accelerations,  (a),  (6)  and  (c),  then,  is 

A  =  VIT  =  0.682  LIT" 
T  being  the  time  and  V  the  average  speed  from  start  to  stop ;  the 
form  of  the  equation  shows  that  all  runs  having  the  same  values 
of  (a),  (6),  (c)  and  A  will  be  made  in  the  same  proportionate  time 
for  the  different  periods,  i.e,,  the  same  fraction  of  the  total  time 
will  be  required  for  accelerating,  coasting  and  braking.  In 
other  words,  all  runs  having  the  same  value  of  the  accelerations 
and  of  i4  =  V/T  are  represented  by  the  same  figure,  with  merely 
a  change  in  scale  for  the  different  lengths  of  run,  the  ordinates 
and  abscissas  being  proportional  to  L^. 

This  quantity.  A,  reduces  the  variables  from  three — V,  L  and 
T,  to  two — A  and  L.  ^4  is  a  convenient  quantity  to  use  as  inde- 
pendent variable  for  the  curve-sheets ;  it  simplifies  the  presenta- 
tion, since  all  runs  having  the  same  values  of  A,  (a),  (6)  and  {c) 
require  the  same  energy  per  ton-mile,  independent  of  the  length 
of  run  or  the  average  velocity,  and  require  a  motor-capacity 
directly  proportional  to  the  square  root  of  the  length  of  run — ^that 
is,  directly  proportional  to  the  time  from  start  to  stop. 

Moreover,  all  values  of  -4  occurring  in  practice  can  be  included 
between  the  values  of  0.15  and  0.35 — a  relatively  small  variation 
whereas  variations  in  V,  L  and  T  cover  a  much  wider  range. 

It  is  to  be  remembered  that  the  previous  investigation,  as  well 
as  this  one,  assumes  a  straight,  level  track,  constant  train  friction 
and  constant  braking  force.  Tliese  assumptions  are  necessary 
to  any  general  treatment,  since  curvature  and  gradients  are 
arbitrary.  I  have,  however,  in  part,  developed  a  method  for 
making  the  necessary  allowances  for  curves,  grades  and  variable 
train  friction,  in  the  form  of  corrections  to  the  values  fotmd  for 
the  corresponding  simple  case. 

These  equations  involve  four  quantities,  of  which  two — 
(fc)  and  (c)  — are  assumed  to  be  constants  and  two— (a)  and  A — 
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the  variables.  The  solution  of  the  equations  is  best  given  by 
curve-sheets,  with  x/T,  y/T  and  z/T  as  ordinates,  and  A  as 
abscissas;  a  separate  curve  is  required  for  each  value  of  (a). 
CS  1  is  plotted  with 

(fe)  =     .15mph/sec.  =  13.6  lb.  per  ton 
and  {c)  =  2.0    mph/sec.  =  182  lb.  per  ton;      * 
(c)  is  the  total  retardation  after  braking,  including  train  friction. 
This  curve-sheet  is  similar  to  CS  2  of  the  first  paper,  save  that 
there  the  values,  (6)  =  .2  and  {c)  =  3.0  mph/sec,  were  used. 
Fig.  1  shows  the  type  case,  with  three  constant  accelerations; 


Fio.  2 


Fig.  2  the  actual  case,  in  which  acceleration  on  the  motor-curve 
is  added  to  the  constant  initial  acceleration ;  Fig.  2  then  involves 
the  characteristics  of  the  motor  used.  CS  5  of  the  first  paper 
gave  the  average  speed-  and  torque -curves  of  a  number  of 
tramway  motors  in  common  use;  I  have  since  added  other 
motor-curves,  and  in  CS  2  show  average  motor-curves,  which 
represent  with  practical  accuracy  the  torque  and  speed  rela- 
tions of  any  General  Electric  or  Westinghouse  motor,  through- 
out the  range  of  ordinary  operation.  The  extreme  difference 
between  the  speed  of  any  motor  of  either  company  and  the  speed 
on  this  curve-sheet  for  a  given  torque  is  greatest  at  the  high 
speeds,  but  within  the  range  of  ordinary  operation  this  variation 
is  less  than  5  per  cent. 
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It  is  necessary  to  assume  the  same  motor  performance  in 
order  that  the  variation  in  energy  consumption  and  motor-capa- 
city requii-ed  by  the  different  schedules,  when  made  with  various 
initial  and  motor  accelerations,  may  be  shown  independently  of 
variations  in  characteristics  of  the  motor.  If  one  assimies  other 
motor-curves,  the  methods  outlined  here  can  be  applied  by 
making  certain  corrections;  but,  as  a  matter  of  fact,  the  small 
variations  in  the  shape  of  the  motor-curve  are  of  comparatively 
slight  consequence  in  the  final  results. 

The  efficiency  of  different  motors  varies  through  a  much 
wider  range  than  do  the  speed  and  torque;  but  the  efficiency  is 
used  only  in  connecting  the  input  and  output,  and  not  in  deter- 
mining heat  losses,  which  are  the  subject  of  a  separate  con- 
sideration; hence  considerable  differences  in  efficiency  curves 
are  of  minor  consequence. 

Here,  as  in  the  first  paper,  the  datum  point  for  these  motor 
curves  is  the  load  determined  by  the  **  hour-rating,** — that  is. 
the  load  the  motor  will  carry  for  one  hour  with  a  temperature 
rise  of  75%  C.  when  tested  on  the  stand,  with  covers  off;  this 
value  is  assumed  to  be  the  commutation-limit  of  the  motor- 
capacity  and  all  the  results  of  the  investigation  are  expressed  in 
terms  cf  the  input  donated  by  the  datum  point ;  therefore  it  only 
remains  to  determine  the  conditions  of  a  run  which  will  give  the 
limiting  temperature  elevation  when  the  motor  is  used  at  this 
particular  input.  The  hour-rating  for  the  maximum  input  is  not 
unduly  conservative;  it  leaves  a  margin  for  greater  power  on 
curves,  grades  and  for  emergencies. 

CS  3  and  CS  4  give  energy  and  motor-capacity  in  terms  of 
through-acceleration  A ;  they  are  the  same  as  CS  13  and  CS  14 
of  the  first  paper,  except  that  here  the  abscissas  are  through 
acceleration  with  the  motor-curve  instead  of  the  corresponding 
through  acceleration  with  the  type-curve;  that  is,  the  quantity 
Am  of  the  first  paper  is  used  as  abscissa  instead  of  the  A  of  that 
paper,  but  is  designated  A ;  and  that  the  motor-capacity  is  pven 
for  a  run  cf  one  mile.  This  change  simplifies  the  use  of  the 
curves,  in  that  it  makes  it  unnecessary  to  add  corrections  to  the 
value  of  A  calculated  from  the  data  given  for  the  run.  CS  3 
then  gives  directly  the  energy  per  ton-mile  for  any  run  and  for 
initial  accelerations  from  0.6  to  3.0  mph/sec,  and  for  a  train 
friction  of  13.6  lbs.  per  ton,  equivalent  to  {h)  =  .15,  a  retarda- 
tion after  braking  equivalent  to  2  mph/sec,  and  all  for  an 
acceleration  on  the  motor-curve  to  a  speed  of  50  per  cent,  greater 
than  the  speed  with  all  resistance  out. 
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CS  4  gives  the  horse-power  per  ton  for  the  same  conditions ; 
in  the  first  paper,  motor-capacity  was  given  in  kilowatt  input; 
here  it  is  reduced  to  horse-power  output.     These  curves  give  the 
motor-capacity  per  ton  required  for  any  run  expressed  in  terms 
of  the  maximum  power  input  at  the  end  of  the  initial  acceleration. 
An  example  will  best  explain  their  use.     Suppose, 
Schedule  speed  =  30  mph. 
Distance  =  7000  feet. 

Time  of  stop       =  25  sec. 
Then 

Time  from  start  to  start         =159  sec. 
"      "  stop-r=  134    "; 
Average  velocity  -  30x159/134  -  35.6  mph 

Through  acceleration,  A  =  35.6/134  =  .266 

Suppose  further  that  the  speed,  energy  and  motor-capacity  are 
to  be  determined  for 

(a)  =  1.25  mph /sec, 
and  a  velocity  on  the  motor-curve  of  150. 
Then, 

Relative  maximum  velocity  on  type-curve  =160  (CS  5). 
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(CS  5  is  plotted  from  the  velocity -time  curves  for  the  various 
initial  accelerations.) 
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x/T    «  .306  (CS  1) 

Hence, 

ax/T  -  .306x1.25  «  .382 
and 

ax       =  .382x134  =  51.2  mph. 
This  IS  the  maximum  velocity  on  the  type-curve. 
Hence, 

Maximtmi  velocity  on  motor-curve  =  150/160x51.2  =  48  xaph 
and 

Velocity  at  resistance  out  =  100/150x48  «=  32  mph 
hence, 

Velocity  coefficient*  =  .32 

(Velocities  are  uniformly  expressed  in  terms  of  the  velocity  at 
maximum  power,  as  100*  the  actual  velocities  are  then  equal  to 
p  ICO,  wnere  /?  is  a  coefficient  determined  as  indicated  here,  or 
in  the  manner  explained  in  the  first  paper.) 

Time  of  initial  acceleration  =  32/1.25  =  25.6  sec. 

Usually  it  will  not  be  necessary  to  determine  the  times  required 

by  the  various  parts  of  the  run,  but  this  can  be  done  as  foUovvrs: 

x/T  «  .306  (CS  1) 

y/T  =  .545  (CS  1) 

z/T  -  .149  (CS  1) 

l.OOCO 
Hence 

x/T  =    41  sec. 
y/T  =    73    '' 
z/T  =     20    " 

T  =  134  sec. 
Referring  to  Fig.  2: 

Time  of  initial  acceleration (OP)     =  25.6  sec. 

Time  cf  acceleration  on  motor-curve (PR) 

=  ^Xll2  =  .32  X  112,  (CS6)..  «  35.8     * 

(CS  6  is  taken  from  the  separate  velocity-time  curves.) 

Time  cf  total  acceleration (OR)    =  61.4  sec. 

Time  of  total  acceleration  on  type-run (OD)    «  41 

Difference (DR)    -  20.4  sec. 

Time  coasting  on  type-run (DE)    =  73. 

Difference,  time  coasting  on  motor-run (RE)    =  52.6-sec. 
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The  various  times  are  then, 

Initial  acceleration (OP)  «  25.6  sec. 

Motor  acceleration (PR)  «  35.8    " 

Coasting (RE)  =  52.6   " 

Braking (EC)  =  20.      " 

Tctal (OC)   =  134.0    " 
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It  is  noteworthy  that  tliis  total,  made  up  from  readings  taken 
directly  or  indirectly  from  half  a  dozen  durve-sheets,  should  check 
exactly;  of  course  such  accuracy  is  partly  accidental,  but  it 
shows  how  well  graphical  work  of  this  character  can  be  done. 
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The  distances  passed  over  for  the  variotis  portions  of  the  run 
can  be  calculated  in  a  similar  manner  from  other  curve-sheets, 
which  are  not  given  here. 

Further,  from  CS  4. 

Motor-Capacity  «  10.8  (|^)*  -  12.6hp/ton. 

Energy  per  ton-mile  =  92  wh.  (CS  3). 

The  results  of  the  asstmiption  of  any  other  initial  acceleration 
are  obtained  in  the  same  manner. 

These  calculations  show  that  the  energy  constmiption  and 
motor-capacity  can  be  determined  when  the  **  through  accelera- 
tion," the  initial  acceleration  and  the  amotmt  of  use  of  the 
motor-curve  are  given.  As  I  show  below,  the  initial  and  motor 
accelerations  are  fixed  by  considerations  of  heating;  hence  the 
conditions  are  entirely  determinate. 

The  input  and  output  of  the  motor  when  accelerating  to  any 
maximimi  velocity  at  any  rate  can  both  be  obtained  by  integrat- 
ing the  appropriate  power  and  velocity  curves.  A  comparison 
of  these  figures  shows  that  the  efficiency  for  constant  maximum 
velocity  is  practically  independent  of  the  initial  acceleration. 
Both  the  input  and  output  vary,  but  the^r  ratio  varies  slightly ; 
for  instance,  for  a  maximum  velocity  of  125,  the  input  of  the 
motor  varies  from  804  to  653  wh.  when  the  initial  acceleration 
is  varied  from  .6  to  3.0  mph/sec. ;  for  the  same  range  the  out- 
put varies  from  517  to  415;  hence  the  efficiency  varies  only 
from  64.3  to  63.5  per  cent.,  a  total  variation  of  only  .8  per  cent, 
for  a  variation  from  .6  to  3.0  mph/sec.  in  the  initial  accelera- 
tion. Sixty-four  per  cent,  may  be  considered  the  efficiency 
for  a  maximum  velocity  of  125,  regardless  of  the  initial 
acceleration.  This  is  for  the  motor  shown  on  CS  2,  of  which 
t'-.e  efficiency  at  rated  load  is  85  per  cent.  For  a  maximum 
velccity  of  175,  the  efficiency  varies  from  71  to  73  per  cent. 

CS  7  gives  the  efficiency  of  this  motor  equipment  in  terms  of 
the  maximum  velocity.  The  values  of  efficiency  from  this 
curve-sheet  can  be  used  with  small  error  to  determine  the  input 
from  the  output. 

A  deduction  from  the  fact  that  the  efficiency  is  independent  of 
the  initial  acceleration  is  that  the  average  heat-loss  is  independ- 
ent of  the  initial  acceleration,  which  is  also  deduced  directly . 
It  is  true  that  in  the  losses,  friction  loss  is  included,  but  the 
average  friction-loss  from  zero  to  a  fixed  maximum  velocity  will 
not  vary  with   the  initial   acceleration;  hence  the  difference. 
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representing  the  heat-loss,  must  be  constant  to  the  same  degree 
of  approximatic  i  that  the  efficiency  is  constant. 

The  formula  following  gives  the  work  done  at  the  car-axle  per 
ton-mile  for  various  schedules,  in  tenns  of  the  through-accelera- 
tion and  the  proportional  part  of  the  total  time  used  in  braking. 
This  formula  and  the  efficiency  from  CS  7  permit  the  easy  de- 
termination of  the  energy -input  per  ton-mile. 
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The  formula  for  work  per  ton  at  the  car-axle  is  deduced  by 
calculating  the  work  of  friction  for  the  entire  distance,  and  the 
kinetic  energy  at  braking;  by  the  substitution  of 

L  -  .682/17^ 
the  through-acceleration  is  included,  and  hence  the  schedule. 
The  formula  is: 
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Work  per  ton-mile  at  car-axle  «  180  b  -f90fc  —  fcj  —  1"^^)   w-h. 

The  first  term,  180  6,  gives  the  work  of  friction  per  ton-mile ; 
the  other  term,  the  energy  wasted  in  brakes  per  ton-mile.  z/T  is 
a  function  of  the  three  accelerations,  (a),  (jb)  and  (c),  as  well  as  of 
the  through-acceleration.  Hence  the  values  of  z/T  to  be  used 
in  this  formula  must  be  obtained  from  curve-sheets  plotted  for 
the  particular  values  of  (fc)  and  (c)  that  are  substitifted  in  the 
formula.  CS  1  is  calculated  for  (b)  «=  .15  and  (c)  =  2;  substi- 
tuting these  values  in  the  above  formula,  it  becomes. 

Work  =  27+333/.4  x(-|r)  wh. 

To  apply  this  formula,  find  first  the  value  of  the  through- 
acceleration  on  the  type-curve  corresponding  to  the  through- 
acceleration  A  on  the  motor-curve,  given  by  the  data  of  the 
problem.  CS  8  gives  this  relation  for  a  maximum  velocity  of 
150.     Having  this  value  of  A^,  the  through -acceleration  on  the 
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type-curve,  select  from  CS  1  the  value  of  z/T  corresponding  to 
that  value  of  A^  and  of  the  initial  acceleration  in  question.     For 

example, 

For>l  =  .266 
and  velocity  =  1 50 
CS  8  shows  that  A^  equals  .275.  The  value  of  z/T  for  this 
value  of  A^  and  for  an  acceleration  of  1.5  mph/sec,  from  CS  1 
is  .15,  substituting  in  the  above  formula  the  work  per  ton- 
mile  at  the  car-axle  is  found  to  be  equal  to  56  wh. ;  the  effi- 
ciency, from  CS  7  to  70  per  cent.;  hence  the  energy -input  is 
80  wh.  CS  3  shows  for  the  Same  conditions;  i.e.,  for  A  =  .266 
and  (a)  =  1.5,  and  energy -input  equal  to  83  wh.,  an  agreement 
stifficiently  close. 

In  the  first  paper,  I  assumed  that  an  electric  tramway  motor 
in  service  will  carr}s  on  an  average,  a  heat  loss  of  3  per  cent,  of 
its  **  hour-load,**  with  a  temperature  elevation  of  75®  C.  This  is  a 
fair  average  figure,  but  individual  motors  differ  greatly  in  their 
heating  characteristics;  hence  I  have  elaborated  the  method  so 
that  it  may  be  used  for  motors  having  any  copper-loss  and  any 
core-loss,  for  any  schedule  with  any  initial  acceleration. 

For  this  purpose  I  determine  the  ratio  of  average  loss  to  loss  at 
rated  load  for  the  copper-loss  and  core-loss  separately,  and  for  the 
several  initial  accelerations;  knowing  then  the  ratio  of  average 
loss  during  acceleration  to  less  at  r^ted  load,  the  average  less  for 
any  particular  motor  is  found  by  multiplying  the  proper  value  of 
this  ratio  by  the  loss  at  rated  load,  separately  for  copper-  and 
core-loss;  the  results  added  will  give  the  total  average  loss  during 
acceleration.  These  ratir.s  of  average  to  maximum  loss  were 
determined  for  velocities  of  125,  150  and  175  on  the  motor-curve; 
that  is,  for  maximum  velocities  25,  50  and  75  per  cent,  greater 
than  the  velocity  with  resistance  out.  In  describing  tliis  method 
further,  it  is  to  be  understood  that  this  procedure  was  followed 
in  all  cases;  in  other  words,  three  separate  sets  of  curves  were 
carried  through  for  the  three  maximum  velocities,  fcr  the  heat 
losses,  for  ratio  of  distribution,  for  motor-capacity,  fcr  energy- 
curves,  and  for  the  various  ether  intermediate  curves  which  were 
used  as  steps  to  the  final  results. 

The  rise  cf  tem^perature  cf  the  parts  of  a  motor,  as  determined 
by  tests,  depends  upon  the  ratio  of  the  distribution  of  the  total 
heat-less  between  the  armature  and  field;  to  apply  such  test 
results  correctly  this  ratio  must  then  be  known  fcr  the  various 
conditions;  hence  the  ratio  of  distribution  was  calculated  for 
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the  several  initial  accelerations  and  maximum  velocities;  the 
average  loss  during  acceleration  and  its  distribution  having  been 
determined  in  this  manner,  the  average  loss  during  the  run  will 
be  known  when  the  ratio  of  time  of  acceleration  to  time  of  run, 
for  the  various  initial  accelerations,  maximum  velocities  and  for 
all  values  of  the  through  acceleration  is  known. 

Having  then  the  average  loss  during  the  run  and  its  distribu- 
tion between  armature  and  field,  the  rise  of  temperature  of  a 
motor,  used  under  the  conditions  of  service  fixed  by  any  particu- 
lar ratio  of  distribution,  can  be  determined  by  comparing  this 
calculated  average  loss  with  the  rise  of  temperature  per  watt 
lost,  for  the  same  ratio  of  distribution,  as  determined  by  tests  in 
service. 

These  steps  required  the  preparation  of  nearly  a  hundred  curf  e- 
sheets  and  some  four  hundred  curves ;  the  matter  is  too  volu- 
minous to  present  here  in  detail ;  I  shall  therefore  give  only  the 
results  and  call  attention  to  a  few  of  the  principal  stops. 

The  ratio  of  average  to  maximum  copper-loss  is  definite  and 
was  determined  in  the  usual  manner  by  plotting  values  fcr  the 
current  and  integrating. 
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The  ratio  of  average  to  maximum  core-less  depends  on  the 
variation  cf  core-less  with  speed  and  current ;  to  fix  this  variation, 
the  individual  core-less  curves  of  a  number  of  motors  were 
plotted,  and  a  curve  determined  showing  the  average  variation 
of  the  core-loss.  CS  9  shows  the  curve  of  the  average  varia- 
tion of  core-loss  used  in  this  investigation;  the  values  from 
this  curve  were  plotted  on  the  various  velocity -time  sheets  and 
integrated;  this  gives  the  ccre-lcss  during  acceleration  en  the 
motor  curve.     In  addition  to  this,  core-loss  curves  of  several 
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motors,  differing  widely,  were  selected,  and  the  ratios  of  average 
to  maximum  for  different  operating  conditions  Were  determined. 
These  ratios  were  found  to  differ  comparatively  little  for  the 
different  curves,  much  less  than  the  actual  values  of  the  core- 
losses  differ  The  average  core-loss  during  the  period  of  accel- 
eration on  resistance  was  taken  at  42  per  cent,  of  the  maxi- 
mum core-loss.  This  value  was  obtained  from  a  number  of 
separate  core-loss  curves. 

The  average  percentage  heat-loss  during  acceleration  to  tlie 
same  maximum  velocity  for  any  motor  is  practically  independent 
of  the  initial  acceleration ;  the  ratio  of  average  to  maximum  cop- 
per-less increases  with  the  acceleration,  while  the  ratio  for  the 
cere-loss  decreases. 

The  variation  of  the  loss  with  initial  acceleration  in  two  typical 
cases  is  given  in  the  tables  following: 

TABLE  I. 
Average  heat-less,  for  velocity  of  150. 
Copper  less  at  rated  load  =  3% 
Core         "     "      "        "     =  3% 

Initial  Acceleration.  Average  Loss. 

1    mph/sec.  3.oo9c 

1.5        "  3.91 

2.  "  3.91 

2.5        "  3.91 

TABLE  IL 
Average  heat  loss,  for  velocity  of  150. 
Copper  less  at  rated  load,  =  7% 
Core         "     "      "         "      =  Kc 

Initial  Acceleration.  Average  Loss. 

1.0  mph/sec.  4.77% 

1.5         "  4.92 

2.0         "  5.00 

2.5         "  5.03 

Por  velocities  greater  than  150,  the  variation  is  greater;  for 
lower  velocities  it  is  less.     The  values  for  (a)  =  1.5  are  used. 

Although  this  approximation  is  satisfactory  for  the  purpose, 
yet  if  greater  accuracy  is  desired,  it  is  possible  to  plot  the  average 
loss  fcr  the  various  initial  accelerations  separately ;  but  the  com- 
plication is  very  much  increased. 
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CS  10  gives  the  average  percentage  heat  loss  during  accel- 
eration for  any  combination  of  copper-  and  core-losses  with- 
in the  range  covered,  for  a  velocity  of  150  on  the  motor-curve. 
The  ordinates  are  average  loss,  the  abscissas  core-loss,  and 
the  inclined  lines  copper-loss;  for  instance,  for  a  4.0  per  cent, 
copper  loss  and  2.5  per  cent,  core-loss,  the  intersection  of  the 
vertical  at  2.5  with  the  inclined  line  marked  4,  gives  the  average, 
loss  of  4.12  per  cent.,  and  this  will  be  the  average  loss  occurring- 
in  a  motor  accelerating  by  series  parallel,  and  then  on  the  motor- 
curve  to  a  velocity  50  per  cent,  greater  than  the  velocity  when 
resistance  is  cut  out,  the  motor  having  a  4  per  cent,  copper-  and 
2.5  per  cent,  core-less;  the  capacity  being  determined  by  the 
product  of  the  torque  during  initial  acceleration  and  the  velocity 
with  resistance  out,  that  is  the  maximum  power  input. 

The  ratio  of  distribution  is  practically  independent  of  the 
initial  acceleration  for  a  given  maximum  velocity,  and  for  the 
range  of  initial  accelerations  used,  i.e.,  from  (a)  =  1  to  (a)  =  3. 
While  this  is  not  strictly  correct,  yet  the  difference  between  the 
values  calculated  accurately  and  the  values  found  by  assuming  . 
an  average  ratio  of  mean  to  maximum  copper  and  mean  to 
maximum  core-loss,  does  not  exceed  5  per  cent,  for  the  range 
covered ;  since  this  ratio  is  used  only  to  fix  the  appropriate  value 
of  the  radiaticn-constant  (of  which  the  determination  is  in  itself 
necessarily  rough)  the  degree  of  accuracy  is  sufficient. 

CS  11  gives,  for  a  velocity  of  150,  the  ratio  of  distribution 
as  ordinates,  with  core-loss  as  abscissas,  and  with  inclined  lines  for 
the  various  copper  losses ;  for  instance,  with  copper-loss  of  4.0  per 
cent,  and  core-loss  of  2.5  per  cent.,  the  ratio  of  distribution  is  i 

2.44.     It  is  assumed  that  the  copper-loss  is  half  in  armature  and 
half  in  field. 

These  curves  then  determine  the  average  loss  during  accelera-  , 

tion  and  its  distribution ;  to  get  the  average  loss  during  the  run  I 

the  ratio  of  time  of  acceleration  to  time  of  run  must  be  known.  ' 

Referring  to  Fig.  3,  | 

R  H/0  R  =  A  D/0  D 
i  x., 

(100  +  a/2)/\\  =  (/i  +  /2)A 
artd 

:    .  (1004-a/2)/Vt  x.r/r  =(/,-f/j)/r 

=  Time  of  acceleration  divided  by  total  time. 

x/T  is  taken  from  CS  1  for  the  various  values  of  A  and  (a), 
thus  the  ratio  of  the  times  is  determined  for  all  conditions:  the 
corrections  to  the  type-curve  must  be  allowed  for. 
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CS  12  has  been  prepared  in  this  way;  it  gives  the  average 
percentage  loss  during  the  run,  for  various  initial  and  through- 
accelerations,  for  a  motor  having  a  copper-less  of  4.0  per  cent., 
a  core-loss  of  2.5  per  cent.,  and  consequently  an  average  less 
during  acceleration  to  a  velocity  of  150,  of  4.12  per  cent.  The 
ordinates  are  average  losses  in  percentage  of  maximum  input; 
the  £^bscissas  are  through-accelerations  and  the  separate  curves 
are  for  the  different  initial  accelerations. 

The  average  loss  during  any  particular  run  is  equal  to  the 
average  loss  during  acceleration  multiplied  by  the  ratio  of  the 
times,  and  since  this  ratio  is  independent  of  the  losses  in  the 


Fia.3 


motor,  it  is  obvious  that  CS  12  will  represent  the  average  less 
during  that  run  for  any  motor,  if  the  ordinates  are  varied  in 
proportion  to  the  average  losses  during  acceleration.  CS  10* 
gives  the  average  losses  during  acceleration;  hence  these  two 
sheets  will  determine  the  average  losses  for  any  motor  for  any 
run,  accelerating  to  a  velocity  of  150  on  the  motor-curve.  For 
example,  a  motor  with  a  9  per  cent,  copper  and  2  per  cent,  core- 
loss  has  an  average  loss  during  acceleration  of  6.7  per  cent; 
curve-sheet  12  is  plotted  for  an  average  loss  of  4.12  per  cent., 
hence  if  its  ordinates  be  multiplied  by  6.7/4.12  =  1.63,  it  will  give 
average  ^oss  for  the  second  motor. 
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For  example, 

For  (a)  =  1.25mph/sec. 
and  A    =    .2 
Average  less  =  1.48%  (CS  12) 

and  therefore 

1.63x1.48%  =  2.41% 
is  the  average  loss  or  the  second  motor  for  the  same  run.     Simi- 
larly for  other  combinations  of  copper-  and  core-loss. 

These  curve-sheets  determine  the  average  heat-loss  of  any- 
motor  for  any  run,  and  its  ratio  of  distribution;  it  remains  then 
to  connect  these  calculated  values  with  results  of  test  made  under 
comparable  conditions  of  service,  giving  the  temperature  rise  for 
various  losses,  i,e.,  with  the  radiation  coefficient  of  the  motor 
under  consideration. 

Many  tests  of  this  nature  have  been  made  by  the  General 
Electric  Company  on  its  experimental  track  at  Schenectady,  by 
running  trains  back  and  forth  over  the  track  until  permanent 
conditions  of  temperature  have  been  attained,  and  at  the  same 
time,  measuring  the  losses  in  the  motors. 

CS  13  gives  such  test  results  for  a  motor  in  general  use;  the 
ordiantes  give  the  average  loss  in  percentage  of  input  that  the 
motor  will  carry  with  a  rise  of  temperature  of  75°  C.  measured  by 
resistance  under  the  conditions  of  service  determined  by  the  ratios 
of  distribution  denoted  by  the  abscissa*? ;  these  curves  are  calcu- 
lated from  test  results  which  give  the  rise  of  temperature  j>er 
watt  lost  for  field  and  armature  separately;  the  curves  are 
given  for  tests  made  with  covers  on  the  motors  and  covers 
removed.  Thus  CS  13  shows  that  for  a  ratio  of  distribution 
of  2,  the  armature  of  motor  No.  13  will  carry,  with  covers  off. 
a  load  giving  a  less  cf  4.82  per  cent.,  whereas  the  fields  will  stand 
only  3.1  per  cent.;  but  if  this  motor  be  used  with  covers  on, 
then  at  the  same  ratio  the  armature  will  stand  a  load  giving  a 
2.05  per  cent.,  and  the  fields  at  1.<S8  per  cent,  loss,  very  nearly  the 
same,  as  should  be. 

These  test  results  are  used  as  follows: 

Motor  No,  13  has 

Copper-loss  =  6.05% 
Core-       "     =  2.10% 
Then 

Average  loss  during  acceleration 

to  velocity  150  =  5.06%  (CS  10) 

Ratio  of  distribution  of  losses       =1.77  (CS  11) 
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At  this  ratio  of  distribution,  the  permissible  loss,  with  covers 
on,  is 

Armature,   1.98%  (CS  13) 

Field,       1.80%  (CS  13) 

Hence  the  field  controls,  and  the  motor  can  carry  only  a  load 

giving  a  loss  of  1.8  per  cent.;  the  armature  will  then  nm  much 

cooler  than  75**;  in  fact,  at  1.8/1.98  x  75^  =  68^  C. 


1    1   1    1   1    1    1 

CURVE-SHEET  13 

1  1  1  1  1  1  1 
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CS  12  is  plotted  for  an  average  less  of  4.12  per  cent.,  hence  to 
apply  it  to  motor  No.  13,  the  ordinates  should  be  increased 
in  the  ratio  of  5.06/4.12  =  1.23:  if  this  were  done  and  a  horizon- 
tal section  of  CS  12  were  taken  with  the  1.8  per  cent,  line  for 
ordinate,  the  initial  accelerations  would  be  determiend,  for  each 
through-acceleration,  that  would  result  in  a  loss  of  just  1.8  per 
cent,  and  consequently  in  the  exact  temperature  rise  permitted; 
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« 
but  the  same  numerical  results  will  be  obtained  by  taking  a  cross- 
section  of  CS  9  at  the  ordinate  1.8%/1.23  =  1.46%. 

The  dotted  line  marked  **  Motor  No.  13  "  shows  this  cross- 
section.  If  the  results  of  measurement  by  resistance,  with  covers 
off,  be  taken,  the  permissible  loss  for  the  field  is  2.9  per  cent.,  by 
CS  13;  for  this  condition  the  cross-section  line  should  be  drawn 
on  CS  12  at  2.9/1.33  =  1.35  per  cent. 

The  values  of  (a),  the  initial  acceleration  for  measurements 
by  resistance  with  covers  off,  as  determined  by  the  cress-section 
line  at  2.35  per  cent,  (not  shown  on  CS  12),  arc  plotted  on  CS  14 
in  terms  of  A  as  abscissa;  the  corresponding  values  of  energy 
per  ton-mile  and  of  horse-power  per  ton  for  velocity  of  150 
are  taken  from  CS  3  and  4.  Thus,  CS  14  gives  the  data  for 
this  motor  under  any  conditions  of  service,  for  a  maximum 
velocity  of  150.  The  comparison  has  been  made  on  the  tacit 
assumption  that  the  test  results  of  CS  13  represent  average  losses 
during  running  time;  if,  as  is  usual,  the  test  values  represent 
average  losses  during  total  elapsed  time,  they  must  be  increased 
in  the  ratio  of  total  elapsed  time  to  running  time  and  this  in- 
creased value  used  for  the  cross-section  of  CS  12. 

This  is  all  for  a  rise  of  temperature  of  75®  C. ;  if  the  permissible 
rise  be  60*^,  then  the  permissible  loss  will  be  only 

60/75x1.8%  =  1.44%. 
and  12  must  be  cross-sectioned  at 

1.44/1.23  -  1.17%, 
to  determine  the  proper  accelerations  for  the  various  through- 
accelerations. 

CS  12  then  gives  the  rise  of  temperature  of  any  motor  for 
any  through  acceleration,  with  any  initial  acceleration,  after 
its  cross-section  line  has  oncie  been  fixed;  for  example,  for  this 
motor  the  75°  rise  is  given  by  the  accelerations  having  for  ordi- 
nates  1.46  per  cent.;  suppcse  that  for  the  through-acceleration 
A  =  .2,  an  initial  acceleration  of  1.0  be  used;  then  the  average 
loss  will  be  1.93  per  cent.,  and  since  temperatures  are  propor- 
tional to  Icsses,  the  temperature  of  the  hottest  part  will  be 
1 .93/1 .46  X  75°  =  99*^  C.  If  an  initial  acceleration  of  1.75  mph/sec. 
be  used,  the  rise  of  temperature  will  be  1.00/1.46x75*^  =  51°  C. 

That  is,  for  any  motor  and  any  value  of  A,  the  ordinates 
of  CS  12  will  give  the  rise  of  temperature  for  any  initial  ac- 
celeration; each  initial  acceleration  corresponds  to  a  definite 
rise  of  temperature  for  each  through-acceleration;  a  vertical 
cross-section  of  CS  12  at  any  value  of  A  shows  the  relation  of 
rise  of  temperature  and  initial  acceleration  for  that  through* 
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acceleration.  Ihe  dotted  vertical  line  on  CS  12  gives  the  tem- 
perature scale  for  motor  No.  13,  for  A  =  .25  and  (a)  =  1,  the 
rise  will  be  134^;  for  i4  =  .15  and  (a)  =  2,  the  rise  will  be  40.5°. 
The  temperature  scale  can  thus  be  drawn  on  CS  12  for  any- 
motor,  knowing  its  heating  constants. 

In  order  to  avoid  confusion,  it  is  essential  to  recall  that  each 
change  of  initial  acceleration  means  a  proportional  chan£;e  in 
motor-capacity,  the  motor-capacity  being  directly  proportional 
to  the  product  of  initial  torque  and  the  rated  velocity.  It  is 
thus  tacitly  assumed  that  the  engineer  has  a  complete  range 
of  motors  of  all  capacities,  all  with  the  same  heating  constants; 
but  the  results  are  given  in  horse-power  per  ton  and  hence 
they  give  merely  a  determination  of  the  load  that  any  given 
motor  will  carry,  under  the  various  conditions. 

Returning  to  the  example  given  on  page  6,  where  the  initial 
acceleration  was  assumed  to  be  1.25  mph/sec;  if  the  heating 
constants  of  the  motor  to  be  used  are  known,  the  initial  accelera- 
tion will  be  fixed ;  assiune  the  motor  for  this  run  to  have  these 
constants: 

P  R-\oss  -  3.6  % 
Core-loss  =  2.75% 
Then 

Ratio  of  distribution  =  2.8  (CS  11) 

Average  loss  diuing  acceleration  =  4.06%  (CS  10) 

Assume, 

Radiation  at  ratio  of  2.8  =  1.6% 
Then  a  horizontal  section  of  CS  12  having  as  ordinate 
4.12/4.06x1.6%  -  1.62%  gives, 
for  A  «  .266  — the  through  acceleration  under  consideration,— 

Initial  acceleration  =  1.5  mph/sec. 
and 

Energy  «  83  wh  (CS  3) 

(7000\ *  "^ 

g^j  ^  =  13.3  hp/ton.  (CS  4) 

This  example  corresponds  to  an  actual  case;  the  engineers  of 
the  project  have  decided  to  use  an  initial  acceleration  of  1.5 
mph/sec,  and  expect  to  obtain  an  energy  consumption  of  87 
wh.  per  ton-mile;  these  figures  agree  closely  with  those  above. 

CS  14  gives  what  may  be  called  the  **  characteristic  per- 
formance '*  of  Motor  No.  13,  used  for  any  schedule  as  deter- 
mined by  resistance  measurements  with  covers  off.  It  is  ob- 
vious that  curve-sheets  similar  to  this  can  readily  be  plotted 
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for  maximum  velocities  of  125  and  175.  A  comparison  of  stich 
curve  sheets  for  the  different  maximum  velocities  will,  in  general, 
show  slight  variations  in  motor-capacity  for  different  initial 
accelerations,  for  a  given  schedule.  In  some  cases  the  minimum 
motor-capacity  is  attained  with  an  average  maximum  velocity, 
say,  from  140  to  150 ;  in  other  cases  the  motor-capacity  diminishes 
as  the  maximtmi  velocity  is  increased,  up  to  the  limit  used  in 
tliis  investigation.  No  general  conclusions  can  be  drawn  for  the 
particular  relative  maximum  velocity  to  be  used;  this  depends 
principally  upon  the  heating  constants  of  the  motor,  including 
the  radiation.  It  is  clear,  however,  that  by  the  aid  of  curves 
such  as  CS  12  for  the  various  maximtun  velocities,  the  mini- 
mum motor-capacity  can  be  found  for  any  particular  motor; 
all  that  is  necessary  is  to  draw  the  cross-section  lines  at  the  proper 
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points,  thus  fixing  the  value  of  the  initial  acceleration,  and 
-then  to  select  the  values  of  energy  and  horsepower  from  the 
different  curve-sheets.  In  the  case  of  Motor  No.  13,  CS  14  for 
velocity  of  150  gives  practically  the  minimum  motor-capacity; 
there  is  a  diminution  for  greater  maximum  velocities,  but  it  is 
comparatively  unimportant. 
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In  all  cases,  the  particular  initial  acceleration  leading  to  the 
minimum  motor-capacity  should  be  adopted,  even  though  this 
initial  acceleration  does  riot  give  minimum  energy.  The  curves, 
give  the  energy  reqtiired  per  ton  of  total  weight ;  hence  the  energy 
reqtdred  per  car  is  proportional  to  these  figures  multiplied  by  the 
relative  weight  of  the  car.  The  difference  in  the  energy  per  ton. 
for  any  schedule,  is  comparatively  slight  for  the  different  maxi- 
mum velocities,  and  in  all  cases  the  energy  required  per  car  is  a 
minimum  for  the  minimxmi  motor-capacity  with  which  the 
schedule  can  be  made ;  the  increase  in  the  weight  of  equipment 
much  more  than  balancing  the  diminished  energy  per  ton  ob- 
tained by  using  higher  initial  acceleration  and  higher  motor- 
capacity.  CS  15  gives  the  ratio  of  weight  of  equipment  of 
different  capacities;  it  is  substantially  the  same  as  CS  15  of  the 
former  paper.  The  energy  per  ton  multiplied  by  the  ordinates  of 
this  curve-sheet  gives  relative  figures  showing  the  energy  per  car. 

By  this  method,  the  two  quantities  that  have,  up  to  this 
point,  been  matters  of  arbitrary  choice,  are  determined,  i.e.^ 
the  initial  acceleration  and  the  relative  maximum  velocity  on 
the  motor-curve.  Having  then  a  motor  with  known  heating  con- 
stants, all  the  conditions  which  should  govern  its  use  for  any 
particular  schedule  are  fixed,  and  consequently  the  difference  in 
the  results  attained  by  the  use  of  motors  with  different  heating, 
constants  is  also  determined. 

I  have  illustrated  the  application  of  this  method  in  comparing- 
the  availability  of  motors  with  different  heating  constants  for  a 
particular  service.  It  is  clear  that  it  can  also  be  used  to  obtain 
the  data  for  different  schedules.  As  an  example  of  this  use, 
suppose  the  data  for  various  schedule  speeds  for  a  run  of  7,000 
feet,  with  twenty-five  second  steps,  are  to  be  determined. 

Assiune  the  motor  represented  by  CS  14;  then  Table  III.  will 
show  the  performance  of  this  motor  for  the  various  schedule 
speeds.  In  this  Table,  columns  1,  2  and  3  are  calculated  from 
the  length  and  time  of  stop ;  columns  4,  5  and  6  are  taken  from 
CS  14;  column  7  gives  the  ratio  of  the  numbers  of  column  6, 
taking  7.4  as  100;  column  8  is  taken  from  CS  15;  column  9 
gives  the  relative  total  energy  required  per  car;  it  is  obtained 
by  dividing  the  product  of  the  figures  of  columns  5  and  8  for 
each  schedule  speed,  by  the  corresponding  product  for  a  sched- 
ule speed  of  25  mph.  As  the  weight  ratios  of  CS  15  are  for 
a  motor-car  of  the  same  size,  but  with  different  motor  equip- 
ments,  the  figures  of  column   9  give  the  relative  energy  re- 
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quirements  per  car-seat  or  per  passenger  for  the  different 
schedule  speeds.  Coltimn  7  of  this  table  may  be  t£^en  as  a 
sort  of  rough  indication  of  the  relative  cost  of  the  equipment 
for  the  different  schedule  speeds,  and  column  9  of  the  relative 
operating  costs.  They  illustrate  forcibly  the  great  increase  re- 
quired both  in  motor  equipment  and  in  enei^gy  consumption 
for  comparatively  small  increases  in  schedule  speed. 

TABLE  III. 
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The  curve-sheets  show  initial  accelerations  as  high  as  3 
mph/sec,  and  through-accelerations  up  to  -A  =  .4;  these  values 
are  beyond  the  range  of  practice,  both  on  accotmt  of  the  ex- 
cessive motor-capacity  demanded  and  the  close  approach  to 
the  slipping  point  of  the  wheels,  with  the  usual  percentage  of 
total  weight  on  drivers.  The  boimdary  lines  of  the  curve- 
sheets  can  fairly  be  taken  as 

^  ^  .1  to.4  =  .3 
and 

(a)  =  .8  to  (a)  =  2. 

This  indicates  the  comparatively  narrow  limits  within  which  all 
schedules  are  brought  by  the  use  of  the  quantity  A, 

It  is  obvious  that  the  methods  outlined  here  can  be  applied 
to  alternating  current  motors  by  the  use  of  appropriate  speed- 
torque  curves  in  place  of  those  of  CS  2. 

The  method  which  has  been  developed  takes  account  of  all  the 
factors  governing  the  rise  of  temperature  of  motors  under  con- 
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ditions  of  service.  While  certain  assumptions  have  of  necessity 
been  made — ^as,  for  instance,  a  constant  value  for  train-friction 
— it  is  perfectly  feasible  to  re-calculate  the  curve-sheets  with 
other  values  of  train-friction;  a  set  of  curve-sheets  similar  to 
CS  12,  including  as  many  maximiun  velocities  as  may  seem  desir- 
able, can  be  prepared  and  used  as  standard  curves  from  which 
the  rise  of  temperatiu^  of  any  motor  can  be  determined  very 
simply,  for  any  conditions  of  service. 

While  the  results  obtained  by  this  method  are  of  necessity  an 
approximation  because  of  the  number  of  asstunptions  that  it  is 
necessary  to  make  in  developing  the  method,  yet  numerovs 
applications  of  the  curve-sheets  to  practical  examples  have 
shown  that  the  approximation  is  close,  and  that  the  otorves 
furnish  a  useful  means  for  determining  the  perfonaance  of  any 
motor  in  service. 
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Discussion. 

President  Arnold  stated  that  he  believed  those  present  had 
been  much  interested  in  Dr.  Hutchinson's  paper  as  it  supple- 
mented the  paper  the  author  had  previously  delivered  before  the 
Institute;  that  some  of  the  members,  when  solving  railway 
problems,  had  found  that  some  of  the  previous  conclusions  of 
the  author  were  nearer  correct  than  some  -who  discussed  the 
paper  were  willing  to  concede  at  the  time  it  was  read.  That  as 
the  railway  motor  problem  was  becoming  more  important  as  the 
size  of  motors  increased  he  was  glad  the  author  had  seen  fit  to 
supplement  his  former  paper  with  the  present  one  and  discuss 
more  fully  the  relationship  of  heat  upon  the  capacity  of  motors. 

Mr.  a.,  H.  Armstrong: — The  paper  presented  by  Dr.  Hutch- 
inson is  of  such  a  broad  scope  that  it  requires  careful  study  before 
intelligent  discussion  is  possible,  and  my  remarks  are  therefore 
lirnited  to  one  or  two  aspects  of  the  problem.  The  author  has 
adopted  a  method,  in  common  with  others,  of  following  through 
the  performance  of  the  motor  in  practice,  segregating  the  Icsses, 
proportioning  them  between  armature  and  field,  getting  their 
ratio  and  subsequently  connecting  these  results  with  the  tem- 
perature rise  by  means  of  the  actual  performance  of  the  mctc  r 
determined  by  a  series  of  experimental  tests.  Various  papers 
have  been  brought  out  on  the  subject,  notably  that  of  Mr.  Mail- 
loux,  which  very  carefully  considered  a  method  of  plotting  speed- 
time  curves,  and  while  the  paper  of  Dr.  Hutchinson  has  net 
given  much  space  to  this  detail  it  has  attempted  to  bring  out  a 
broad  method  of  arriving  at  the  service  capacity  of  railway 
motors.  There  are  one  or  two  points  which  the  author  has  nc  t 
touched  upon,  perhaps  not  considering  them  necessary  in  tl.e 
rather  broad  manner  in  which  the  subject  has  been  taken  up. 
The  first  of  these  is  the  neglect  to  include  in  the  speed  time  and 
ampere-time  curves  the  effect  of  the  energy  lest  in  accelerating 
the  rotating  parts  of  the  train.  In  slow-speed  work,  that  is, 
where  the  maximum  speeds  do  not  much  exceed  30  mph.,  the 
energy  required  to  rotate  the  motor  armature,  gears,  wheels,  axle, 
etc.,  may  amount  to  a  possible  15  per  cent,  of  the  total  accelerat- 
ing energy  required  for  the  train.  Problems  similar  to  the  opera- 
tion of  trains  on  the  New  York  Elevated  would  come  in  this  class. 
In  suburban  work  where  cars  reach  a  maximum  speed  of  (50  mph. 
or  more,  the  energy  demanded  to  accelerate  the  rotating  parts 
will  not  be  more  than  4  or  5  per  cent,  of  the  energy  input  to  the 
train  during  acceleration.  As  both  of  these  percentages  are 
given  in  terms  of  energy  input  during  acceleration  and  do  not 
consider  total  input  for  the  completed  run,  it  is  evident  that 
leaving  them  out  would  not  introduce  a  very  large  error,  but  the 
inaccuracy  would  be  greater  at  low  speeds  than  at  high  speeds. 

The  paper  is  based  upon  the  assumption  of  a  constant  friction- 
rate,  the  author  assuming  13.6  lb.  per  ton  for  all  speeds.     As  the 
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problem  is  worked  out  for  only  this  one  friction-rate,  the  con-r 
elusions  arrived  at  in  the  final  curves  cannot  therefore  in  any  way 
be  assumed  as  general  in  their  application,  due  to  the  fact  that 
train-friction  varies  greatly  with  the  speed,  especially  in  single 
car  operation.  In  fact,  a  friction-rate  of  13.6  lb.  per  ton  would 
not  have  a  field  of  application  outside  of  the  Rapid  Transit 
problems  involving  the  use  of  four  or  five  cars  in  a  train  and 
operating  at  speeds  not  greatly  exceeding  30  mph.  maximum. 
If  the  problem  is  to  be  treated  in  a  broad  way,  it  is  necessary  to 
assume  a  number  of  friction  curves,  agreeing  with  the  number 
of  cars  in  a  train,  their  shape  and  the  load  which  they  carry,  and 
determine  motor-capacities  for  all  these  different  friction-curves. 
It  would  be  sufficient  to  plot  motor-capacities  on  the  basis  of 
three  friction-curves  and  interpolate  for  friction-values  lying 
within  their  scope.  This  has  not  been  done  and  it  leads  to  some 
inaccuracy  in  some  of  the  conclusions  arrived  at  in  the  paper* 
For  example,  the  paper  is  based  upon  maximum  speeds  reaching 
25»  50  and  75  per  cent,  above  the  speeds  at  which  starting  resist- 
ances are  cut  out.  Based  upon  an  assimiption  of  13.6  lb.  per 
ton  it  is  possible  to  get  these  different  maximum  speeds,  but  from 
tests  which  the  General  Electric  Company  has  made  and  which 
have  been  corroborated  by  other  authorities,  it  has  been  found 
that  the  friction  of  single  cars  of  light  construction  sometimes 
reaches  50  or  60  lb.  per  ton  when  operating  at  speeds  of  60  mph. 
or  more.  One  of  the  examples  given  in  the  paper  mentions  a 
maximum  speed  of  50  mph.  so  that  the  author  evidently  had  in 
mind  the  universal  application  of  his  curves,  an  assumption 
which  is  obviously  incorrect  considering  that  they  are  all  plotted 
for  a  constant  friction  of  13.6  lb.  per  t6n. 

It  is  interesting  to  note  the  maximum  speeds  which  it  is 
possible  to  reach  with  a  given  motor  when  operating  trains  of 
different  composition,  giving  different  friction-rates.  For  ex- 
ample, a  single  car  operated  at  a  maximum  speed  of  30  mph. 
with  a  motcr  of  modem  construction  having  a  rational  speed- 
torque  curve  makes  it  possible  to  reach  a  maximum  speed  which 
is  double  that  at  which  starting  resistance  is  cut  out;  in  other 
words,  expressed  in  the  terms  of  the  author's  paper,  it  is  possible 
to  obtain  a  value  of  200  under  these  conditions.  For  two  cars 
operating  at  the  same  speed,  it  is  possible  to  obtain  a  maximum  ' 
speed  of  226,  while  for  a  train  of  heavy  cars  it  is  possible  to  reach 
a  maximum  speed  of  250.  It  would  therefore  be  possible  to 
obtain  the  maximum  speeds  of  125,  150  and  175  mentioned  in 
the  paper,  provided  the  maximum  speed  of  the  train  expressed  in 
miles  per  hour  did  not  greatly  exceed  30.  For  the  higher  friction- 
rates  obtaining  in  higher  S{)eed  service,  that  is  possibly  as  high 
as  75  mph.,  the  maximum  speeds  mentioned  by  the  author  are 
not  possible.  For  example,  a  single  car  operating  at  75  mph. 
could  hardly  exceed  a  maximum  speed  of  123,  assuming  the 
speed  at  which  starting  resistances  are  cut  out  to  be  100.  Two 
such  cars  make  it  possible  to  reach  a  maximum  speed  of  140> 
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and  for  a  train  of  heavy  cars  giving  lowest  friction-rate  obtainable 
a  maximum  speed  of  190  could  possibly  be  reached.  If  the  con- 
clusions are  based  upon  a  maximum  speed  of  150  and  the  paper 
carried  through  on  this  basis,  the  results  would  not  apply  to 
universal  railway  work,  especially  when  high-speed  problems  are 
encountered.  The  results  arriveid  at  in  the  paper  are  applicable 
therefore  more  especially  to  rapid  transit  problems  similar  to  the 
New  York  Elevated,  but  would  not  give  accurate  results  for  all 
classes  of  service. 

On  page  1570  the  author  gives  a  table  showing  the  motor  capa- 
cities required  for  certain  runs  xmder  given  conditions.  Some 
results  obtained  from  experimental  tests  of  motors  are  at  hand 
giving  the  energy-consumption,  and  it  is  very  interesting  to 
compare  the  results  obtained  by  attacking  thfe*  problem  from 
different  standpoints  and  by  different  investigators.  The  re- 
sults obtained  so  far  as  they  relate  to  the  relative,  capacity  of 
motor  required  check  fairly  well  as  the  following  table  indicates. 
The  figures  given  below  relate  to  the  colimm  5  on  the  table 
given  on  page  678,  which  details  the  watt-hours  per  ton-mile 
required  for  the  conditions  named.  Column  A  is  quoted  from 
the  table  and  Coltimn  B  from  experimental  results. 
A.  B. 

63  wh.  50  wh. 

77  60 

99  73 
127  102 
180                           125 

Column  7  in  the  same  table  gives  the  relative  motor  capacity 
required  for  a  ^miperature  rise  of  75^  C' above  the  surrouxuiing 
air.     As  in  the  previous  table,  colttntn  A  is^uoted  from  the  table 
and  column  B  from  experimental  results. 
A  B 

100  100 
127  125 
166  156 
215  212 
324                    281 

These  figures  also  show  a  fair  agreement.  Comparing  col- 
umn 6  with  experimental  results,  the  same  agreement  does  not 
hold  as  shown  in  the  following  table.  This  coltimn  is  under- 
stood to  give  the  horse-power  ratii^  of  the  motors  based  upon  a 
stand  test  which  will  permit  a  rise  of  75®C.  above  the  air  in  the 
hottest  part  of  the  motor.  Column  A  is  quoted  from  the  table 
and  column  B  from  experimental  results. 
A  B 

7.4  5.5 

9.4  6.9 

12.3  9.3 

15.9  11.5 

24.  14.5 
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The  figures  quoted  in  the  table  of  the  paper  seem  to  be  soix^e  50 
per  cent,  greater  than  the  value  in  column  B  obtained  from  ex- 
perimental results. 

These  figures  all  contemplate  a  fixed  friction-rate  of  13.6  lb. 
per  ton.  It  has  been  found  that  with  the  friction-rate  obtained 
at  speeds  of  60  mph.  or  more,  the  motor-capacity  demanded  will 
increase  fully  20  per  cent,  more  than  the  values  indicated  by  the 
flat  friction-rate  of  the  author's  paper.  This  percentage  increase 
will  depend  upon  the  composition  of  the  train,  whether  a  single 
car  is  operated  alone  or  several  cars  are  operated  in  a  train.  In 
other  words,  the  high-speed  problem  must  be  treated  upon  the 
basis  of  several  friction-curves  plotted  to  meet  the  different 
operating  conditions,  using  that  ^curve»  for  obta^iing  the  motor- 
capacity  and  energy-consimiption  which  applies  to  the  case  in 
hand.  The  energy-consimiption  at  high  speeds  is  very  greatly 
affected  by  the  rate  of  friction  assumed.  In  slow-speed  work, 
to  which  the  paper  as  given  must  be  confined  owing  to  the 
assumption  of  13.6  lb.  per  ton  friction-rate,  the  energy  demanded 
in  accelerating  the  train  is  very  considerable  compared  with  that 
required  to  overcome  friction,  and  hence  the  latter  is  of  secondary 
importance  as  affecting  the  energy-consumption.  At  higher 
speeds,  however,  approaching  60  mph.  or  more,  especially  when 
single  cars  are  operated  at  these  speeds  the  friction-rate  deter- 
mines the  energy -consumption,  and  the  energy  lost  in  accelerat- 
ing becomes  in  turn  of  secondary  importance.  For  example, 
with  a  friction-rate  of  20  lb.  per  ton,  which  might  be  assumed 
for  a  train  of  several  cars  at  60  mph.,  the  energy-consumption 
must  necessarily  be  40  watt-hours  per  ton-mile,  >  or  double  the 
friction-rate,  without  introducing  any  enei^-loss  due  to  accelera- 
tion or  heating  of  the  motors. 

On  the  other  hand,  a  single  car  weighing  30  to  35  tons,  operat- 
ing at  this  same  speed  would  have  a  friction-rate  very  close  to 
SO  lb.  per  ton,  demanding  100  watt-hours  per  ton-mile  without 
any  energy  lost  in  accelerating  the  car  or  in  the  motor.  This 
indicates  the  extreme  importance  of  carefully  determining  by 
exhaustive  tests  what  friction  rate  should  form  the  basis  of  cal- 
culations for  the  case  in  hand,  and  a  broad  treatise  on  railway- 
motor  capacity  will  be  of  value  only  when  applicable  to  any 
friction-rate  at  any  speed. 

Mr.  Cary  T.  Hutchinson: — Mr.  Armstrong's  remarks  seen. 
to  require  some  explanation  in  order  that  this  matter  may  be 
made  clear.  In  general,  Mr.  Armstrong  ^tteinpts  to  imply  re- 
sults from  a  particular  example,  illustrating  a  general  method, 
to  conditions  under  which  they  are  clearly  not  applicable.  It  is 
distinctly  stated  that  the  paper  is  intended  to  develop  a  method 
of  treating  this  problem ;  the  numerical  results  given  are  merely 
illustrations;  nevertheless,  these  numerical  results  should  be  in 
agreement  with  results  obtained  by  other  methods,  under  identic 
cal  conditions. 

Mr.  Armstrong's  first  criticism  is  that  a  constant  friction-rate 
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of  13.6  lb.  per  ton  has  been  taken,  and  that  such  a  rate  is  entirely 
too  low  for  high  maximum-speeds.  This  is,  of  course,  correct;  it 
is  stated  in  the  paper  that  some  constant  rate  must  be  asstimed 
and  that  if  problems  are  to  be  solved  involving  a  rate  differing 
greatly  from  the  rate  assumed,  new  curve-sheets  must  be  drawn, 
based  on  the  proper  friction-rate.  The  effect  of  a  different 
friction-rate  upon  the  energy  required  is  easily  determined  by 
the  equation  on  page  666  of  the  paper,  giving  the  work  done. 
The  constant  27,  in  this  equation  is  equal  to  the  watt-hours  per 
ton-mile  for  a  friction-rate  of  13.6  lb.  per  ton;  the  second  term  of 
that  equation  gives  the  additional  energy  required  for  the  various 
schedules.  If  any  other  friction-rate  than  13.6  be  used,  the  work 
of  friction  will  be  increased  approximately  in  that  ratio. 

It  is  not  intended  to  deny  the  very  great  importance  of  using 
the  proper  friction-rate,  particularly  for  high-speeds;  but  only 
to  point  out  that  a  criticism  of  the  ipethod  based  on  this  fact  is 
not  to  the  point,  since  in  the  paper  itself  the  necessity  for  consid- 
ering this  fact  is  pointed  out. 

Mr.  Armstrong  seems  to  be  of  the  impression  that  the  results 
of  the  paper  are  based  on  accelerating  to  a  maximum  speed  50 
per  cent,  greater  than  the  speed  at  resistance-out.  This  of  course 
is  not  the  case.  The  paper  states  that  curves  were  plotted  for 
velocities  of  125,  150  and  175,  and  that  the  minimum  motor- 
capacity  for  any  particular  run  is.  to  be  picked  out  from  the 
results  at  these  various  velocities.  It  happens,  however,  that  a 
maximum  velocity  of  150,  in  many  of  the  cases  examined,  gave 
very  nearly  the  minimum  motor-capacity,  hence  curve-sheets 
for  this  particular  value  of  the  maximum  velocity  were  presented, 
as  illustrating  average  conditions  better  than  any  other  value. 
The  method,  however,  is  applicable  to  any  maximum  velocity 
that  it  is  possible  to  obtain  witK  the  train-friction  assumed. 
The  next  point  referred  to  by  Mr.  Armstrong — i.e,,  the  possible 
maximum-velocity — is  merely  a  question  cf  the  ratio  of  the 
trair. -friction  to  initial  horizontal-effort,  and  therefore  involves 
the  initial  acceleration  used.  With  a  train-friction  of  13.6  lb. 
per  ton,  an  initial  acceleration  of  1  mph/sec,  and  a  motor  so 
chosen  that  its  rated  torque  will  be  approximately  105  lb.,  then 
after  an  infinite  time  the  motor  will  come  to  a  constant  velocity, 
and  the  torque  will  be  13.6  -^  105  =  13  per  cent,  of  the  rated 
torque.  A  reference  to  the  speed-torque  curve  of  the  motor,  such 
as  Curve-Sheet  2,  will  then  immediately  determine  the  maximum 
velocity.  In  this  particular  case,  the  maximum  velocity  would 
be  about  200  per  cent,  with  the  velocity  at  resistance-out  as  100. 
A  similar  calculation  will  give  the  maximum  velocity  for  any 
friction-rate.  The  higher  the  friction-rate  and  the  lower  the 
initial  torque,  the  lower  will  be  the  relative  maximum  velocity. 
Mr.  Armstrong's  chief  criticism  is,  however,  that  Table  III.  of 
the  paper  does  not  give  results  in  close  agreement  with  results 
obtained  by  his  Company  under  practical  conditions.  Mr. 
Armstrong's  figures  give  the  horse-power  rating  of  the  motor 
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leased  upon  a  rise  of  75°  C.  above  the  air,  in  the  hottest  part  of 
the  motor,  as  measured  by  thermometer.  The  figures  in  the 
table,  however,  are  for  a  rise  of  75°  C.  determined  by  resistance- 
measurements,  with  covers  off,  and  for  a  track  test.  To  illustrate 
the  effect  of  conditions  under  which  the  tests  are  made,  the  fol- 
lowing table  is  given;  it  shows  the  per  cent,  cf  input  that  this 
motor  will  radiate  for  a  temperature-rise  cf  75°  C.,  under  the 
service-conditions  denoted  by  a  ratio  of  distribution  cf  1.8,  when 
measurements  of  temperature  are  made  by  resistance,  by  ther- 
mometer, and  with  covers-on  the  mo.tors  and  covers-off.  The 
energy  and  power  per  ton  for  a  run  cf  one  mile,  taken  from 
CS  12  for  a  througn  acceleration  A  =  0.266  is  added. 

TEST  RESULTS  OF  MOTOR  13  FOR  RATIO  OF  1.8. 


No. 

Temperature 
Measured  by. 

Covers  of  Motor. 

Radiation  for  76**  C. 
in  percent  of  input. 

1 
2 
3 
4 

Thermometer 
Thermometer 
Resistance 
Resistance 

On 
Off 
On 
Off 

2.21% 
4.55% 
1.74% 
2.78% 

For  .4  =  0.266  and  a  one-mile  run 

No. 

Initial  Acceleration 

wh/ton. 

hp/ton. 

1 
2 
3 
4 

1.4  mph/sec. 
Less  than  0.8 

1  72 

1.20 

85 
78 

1     " 

11.4 

1 
13.2                                                j 

10.8 

j 

That  is,  with  resistance-measurement  the  necessary  motor- 
capacity  is  22  per  cent,  greater  with  covers-on  than  with  covers- 
off.  This  is  the  measure  of  the  effect  of  ventilation.  The  curves 
are  not  continued  far  enough  to  give  results  for  thermometer 
and  covers-off. 

The  principal  object  of  the  paper  was  to  show  how  to  handle 
this  problem  for  motors  having  any  copper-  and  core-less;  Mr. 
Armstrong  gives  average  results  without  any  reference  to  the 
particular  motor  for  which  they  were  obtained,  and  consequently 
without  any  reference  to  the  heating-constants  of  the  motor. 
This  is  an  added  reason  why  no  direct  comparison  of  numerical 
results  is  possible. 

A  study  of  the  paper  will  show  that  the  results  derived  frorr 
tte  curve-sheets  obtained  in  this  general  way  must  be  accurate 
for  the  simple  reason  that  they  are  based  on  the  performance 
sheet  of  the  motor  itself,  and  introduce  no  prssible  errors  ether 
than  those  made  in  the  assumptions  given ;  the  results  will  then 
be  as  accurate  as  are  the  experimental  tests  of  the  motor. 
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Louis  Duncan  (by  letter) : — ^The  object  of  the  paper  seems  to 
be  the  development  of  a  systematic  method  for  showing  the 
effects  of  the  different  heat  constants,  i.e.,  PR-loss,  core-loss, 
and  the  radiation-constants  upon  the  performance  of  railroad 
motors  under  service  conditions.  The  PR-loss  and  core-loss  may 
be  obtained  by  shop-tests,  while  the  radiation  constants  are  de- 
termined by  experimental  track-tests  under  conditions  imitating 
the  problems  to  be  solved.  The  author  makes  a  number  of 
assumptions  in  order  to  bring  the  probelm  within  the  limits  of 
general  treatment.  For  instance,  he  assumes  a  straight,  level 
track  with  constant  train-friction  and  constant  braking-fcrce. 
As  far  as  the  constant  train-friction  goes  this  assumption  would 
not  hold  within  the  limits  of  train  velocities  used  in  the  paper, 
but  it  is  near  enough  to  give  approximate  results,  and  more  ac- 
curate results  could  be  obtained  by  plotting  the  different  curves 
on  the  basis  of  a  train-friction  varying  with  the  speed  of  the 
train.  The  author  also  assumes  that  the  type  of  motor-curve  is 
the  same  for  the  different  motors  whose  performance  he  con- 
siders, and  states  that  the  shape  of  the  curves  for  the  different 
motors  is  practically  the  same,  but  that  the  efficiency  varies 
through  a  considerably  wider  range. 

In  a  number  of  the  curves  in  the  paper  the  different  quantities 
are  plotted  in  terms  of  a  quantity  **A,**  which  the  author  calls 
**  through  acceleration."  It  should  be  constantly  borne  in  mind 
in  reading  the  paper  that  this  quantity  is  deduced  from  the 
schedule  speed  and  the  length  of  run,  these  two  quantities  being 
introduced  into  the  discussion  by  means  of  the  quantity  **  A." 
Frankly,  the  writer  dees  not  consider  that  curves  which  show  re- 
lations between  real  quantities,  like  acceleration,  and  fictitious 
quantities,  like  the  quantity  "A,"  are  particularly  instructive. 
Still,  as  a  short  method  of  arriving  at  the  desired  results,  it  has 
its  uses.  After  plotting  a  number  of  curves  giving  the  energy 
input  in  watt-hours  per  ton-mile  and  the  motor-capacity  per  ten 
for  different  schedules,  i.e.,  for  different  values  of  **  A,"  the 
author  proceeds  to  introduce  the  heating-constants  of  the  motors 
as  determining  their  performance. 

Curve-Sheet  10  in  the  paper  connects  the  total  percentage  loss 
in  the  motor  during  acceleration  with  the  percentage  of  PR-loss 
and  the  percentage  core-loss,  these  all  being  in  percentages  of  the 
maximum  input  of  the  motor.  It  is  assumed  in  plotting  these 
curves  that  the  maximum  velocity  is  50  per  cent,  greater  than  the 
velocity  when  all  the  resistance  is  cut  out.  Using  another  set  of 
curves  which  give  the  ratio  of  the  time  of  acceleration  to  the  total 
time  for  different  schedules,  Curve-Sheet  12  is  prepared  which 
gives  the  relation  between  the  percentage  total  loss  for  the  entire 
run,  the  schedule,  and  the  initial  acceleration — all  of  these  quan- 
tities being  for  a  motor  which  has  an  PR-loss  of  4  per  cent.,  a  core- 
loss  of  2.5  per  cent.,  and  an  average  loss  during  acceleration  of 
4.12  per  cent.,  the  maximum  velocity  being  50  per  cent,  higher 
than  the  velocity  when  all  the  resistance  is  cut  out  of  the  motor 
circuit. 
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This  Curve-Sheet  No.  12  may  be  used  to  determine  the  average 
loss  during  the  given  run  for  any  motor,  for  while  it  is  plotted  for 
a  motor  having  an  average  loss  of  4.12  per  cent,  during  accelera- 
tion yet  if  another  motbr  had  a  loss  of,  say  5  per  cent.,  it  would 
only  be  necessary  to  multiply  the  ordinates  in  the  ratio  of  5/4. 12. 
If  the  temperature  attained  by  a  particular  motor  under  service 
conditions  for  any  particular  loss  is  detennined  by  track-tests,  it 
is  clear  that  the  initial  acceleration  leading  to  exactly  this  less  can 
be  picked  out  for  any  schedule  from  Curve-Sheet  12.  The 
author  gives  illustrations  of  the  method  of  using  this  curve-sheet 
and  estabhshing  a  temperature  scale  for  motors  having  different 
losses  than  those  of  the  motor  for  which  the  curve  is  plotted.  In 
other  words,  Curve-Sheet  12  determines  for  any  schedule,  what 
initial  acceleration  must  be  used  in  order  that  a  motor  may  have 
any  desired  temperature  elevation,  when  the  copper-  and  core- 
losses  of  the  motor  are  known  and  the  value  of  the  radiation- 
constants  of  the  motor  are  given  by  tests  under  service  conditions. 

From  Curve-Sheet  12  the  author  obtains  performance  sheets 
such  as  Curve-Sheet  14,  which  gives  the  initial  acceleration,  the 
motor-capacity,  and  the  energy -input  for  the  particular  motor 
considered  in  Curve-Sheet  12  for  all  schedules,  the  temperature 
rise  being  75®.  Similar  curves  could  be  prepared  for  different 
temperature  rises.  It  should  be  noted  that  these  curves  are 
based  on  a  maximum  velocity  60  per  cent,  greater  than  the 
velocity  with  all  the  resistance  cut  out  of  the  motor  circuit,  but 
the  curves  given  in  the  paper  would  allow  Curve-Sheet  14  to  be 
varied  to  correspond  with  different  maximum  velocities.  If 
curve-sheets  are  made  for  different  maximum  velocities  and 
compared  with  one  another,  that  maximum  velocity  for  a  given 
schedule  may  be  selected  which  will  give  the  minimum  motor- 
capacity;  i.e.,  th8  maximum  tens  per  horse-power  capacity  of 
the  motor  for  which  the  required  schedule  can  be  made.  The 
author  states,  and  the  writer  considers  this  important,  that  the 
best  results  are  always  obtained  with  the  minimum  motor- 
capacity,  for  while  the  energy  per  ton-mile  may  not  be  a  mini- 
mum, yet  the  difference  is  not  great  for  any  schedule  for  different 
maximum  velocities,  while  the  weight  of  equipment  increases 
rapidly  as  the  initial  acceleration  increases,  so  that  the  energy 
per  car  is  less  when  the  equipment  has  the  minimum  capacity 
necessary  to  make  the  schedule.  This  fact  was  brought  out  in 
the  author's  first  paper  and  is  further  emphasized  in  this  one. 

What  the  author  has  done,  then,  is  to  develop  a  method  for 
obtaining  for  a  given  schedule  and  a  given  rise  of  temperature, 
the  capacity  in  h.p.  per  ton,  the  energy-input,  and  the  initial 
acceleration  for  any  motor,  taking  as  data  the  PR-  and  core- 
losses  of  the  motor  and  the  radiation-coefficients  determined  by 
actual  tests  of  the  motor  under  service  conditions.  While  he  has 
made  a  number  of  assumptions,  some  of  which  are  not  strictly 
true,  yet  the  applications  of  the  method  show  sufficient  agree- 
ment with  the  actual  facts  to  prove  that  the  method  will  be  use- 
ful for  practical  purposes. 


paper  prtsttUed  at  tht  \9fHh  Meeting  of  the 
American  Institute  of  Electrical  Engineers 
New  York,  October  23,  1903. 

Copyrii?ht  1903.  by  A.  I.  E.  E 
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A  GRAPHIC  RECORDING-AMMETER. 


BY  A.  H.  ARMSTRONG. 


With  the  advance  of  the  study  of  quick  acceleration,  the  need 
was  felt  for  an  instrument  capable  of  registering  accurately 
current  and  voltage  readings  which  fluctuate  violently.  Such 
an  instrument  must  be  capable  of  operating  satisfactorily  on 
a  car  moving  at  a  high  speed  over  bad  track,  and  hence  subject 
to  vibration  and  shock.  Sudden  changes  in  the  quantities 
measured  required  that  the  instrument  should  have  a  short 
period  and  should  be  perfectly  damped.  The  swaying  of  the 
car,  the  rapid  acceleration  and  retardation  made  it  necessary 
that  the  instrument  should  be  thoroughly  balanced.  In  order 
to  obtain  a  permanent  record  with  freedom  from  sticking  it  was 
necessary  to  use  ink,  since  even  with  the  high  torque  of  this  in- 
strument a  metal  stylus  or  graphite  pencil-point  would  not  give 
good-service. 

To  secure  the  required  torque,  a  dynamometer  construction  is 
used,  in  which  the  current  to  be  measured  is  carried  by  the  fixed 
coil  and  a  constant  current  of  small  value  flows  thfough  the 
moving  coil,  supplied  preferably  by  a  storage-battery. 

The  moving  coil,  rectangular  in  shape,  is  composed  of  several 
turns  of  wire  surrounding  an  iron  core  of  cylindrical  shape,  and 
carries  .about  one  ampere;  this  coil  and  core  are  enclosed  in  the 
fixed  coil.  The  moving  coil  is  suspended  by  a  controlling  spring 
which  holds  it  in  position  at  the  top,  and  is  supported  by  a  small 
steel  shaft  at  the  bottom;  this  bottom  bearing  is  so  made  that 
when  the  instrument  is  in  use  the  moving  system  hangs  freely 
from  the  controlling  spring,  and  the  vertical  motion  is  so  limited 
that  excessive  vibration  cannot  take  place.    Current  is  led  to 
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the  moving  coil  by  two  spiral  conductors  of  negligible  elasticity 
in  comparison  with  the  controlling  spring ;  the  controlling  spring^ 
can  be  adjusted  by  changing  its  length. 

The  magnetomotive  force  in  the  fixed  coil  of  an  ammeter  is 
about  2400  ampere-turns,  and  in  the  moving  coil  about  80 
ampere-tums;  with  this  combination,  a  torque  of  about  200 
gramme-centimetres  is  obtained,  which  is  from  80  to  200  times 
the  torque  of  the  ordinary  measuring  instnmient  in  which  the 
indications  of  a  pointer  on  a  scale  are  observed,  and  from  3  to  15 
times  the  torque  of  the  usual  integrating,  or  curve-drawing 
instnmients. 


Fig.  1. 

The  pen  used  is  a  capillary  tube  supplied  by  a  syphon  which  is 
filled  from  an  ink  reservoir  placed  at  some  distance  from  the 
recording  point  in  the  direction  of  the  axis  of  the  instrument. 
This  arrangement  secures  a  continual  supply  of  ink  and  a  fine 
line,  and  prevents  blotting  when  the  pen  and  paper  are  at  rest. 
It  also  decreases  the  inertia  of  the  moving  system. 

The  different  conditions  under  which  the  instnmient  is  tised 
require  a  variable  pressure  cf  the  pen  on  the  paper;  if  the  instru- 
ment be  used  on  a  stationary  platform,  the  pen  should  barely 
touch  the  paper  if  on  a  car  mcvmg  at  high  speed,  the  entire 
weight  of  the  pen  should  re::  c:i  the  paper.     This  adjustment 
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is  made  by  means  of  a  joint  in  the  pointer  and^a  small  adjustable 
spring  capable  cf  supporting  the  entire  weight  of  the  movable 
part  of  the  pointer. 

The  record  is  made  on  paper  punched  and  ruled  by  a  special 
machine  and  passed  through  the  instnmient  by  means  of  a 
tx)thed  wheel  driven  by  a  spring  motor,  similar  to  that  used  for 
driving  a  phonograph.  The  speed  of  the  paper  can  be  adjusted 
to  from  four  to  eight  inches  per  minute,  but  is  ordinarily  six 
inches  per  minute.  The  paper  is  about  3J  inches  wide  and  is 
used  in  rolls  65  feet  long.  The  machine  that  has  been  designed 
for  ruling  the  paper  can  give  any  ruling,  and  special  paper  can  be 


Fig.  2. 


made  foi  each  instnunent,  ordinarily,  however,  instruments  of 
the  same  capacity  are  nearly  enough  alike  to  permit  paper  of 
uniform  spacmg  to  be  used. 

There  is  a  second  small  pen  employed  to  mark  time  accurately 
on  the  paper.  This  pen  is  actuated  by  a  time-marker  clock, 
through  a  small  electromagnet,  controlled  by  the  clock.  By 
this  means,  intervals  of  five  seconds  are  marked  on  tlie  paper. 
With  this  addition,  it  is  possible  to  obtain  simultaneous  readings 
on  a  number  ot  instruments  placed  upon  different  cars  cf  a  train. 
This  marking  device  also  serves  to  calibrate  the  speed  at  which 
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the  paper  is  moving,  thus  making  it  unnecessary  toealibrate  the 
paper  by  means  of  a  watch. 

This  construction  is,  of  course,  applicable  to  a  voltmeter  or 
wattmeter,  as  well  as  to  an  ammeter.       By  the  tise  of  these 


Pio.  8.-^-Cufrent-curve  tak«i  by  grapbic  rabofdiiig-aiiuneter  on  m  oar 
equipped  with.multiple-tmlt  pcmtrolwifh' automatic  aoodemt* 
ing  device. 

instruments  it  is  possible  to  obtain  current  and  voltage  readings 
with  accuracy;  the  instrument  does  away  with  the  labor  of 
several  men  formerly  required  by  the  old  method  of  two-second 
readings,  and  gives  much  more  accurate  results.  It  has  become 
a  simple  matter  to  make  all-day  tests  upon  a  railway  motor, 
taking  a  sufficient  number  of  readings  to  obtain  a  fair  average, 
and  thus  determine  the  copper  losses  quickly  and  accurate!)'. 
Knowing  the  voltage  and  current,  it  is  possible  to  compute  the 
core-loss  of  a  motor  from  stand-tests  and  in  this  manner  obtain 
the  total  energy-loss  in  heating  the  motor  for  any  given  service. 
The  use  cf  this  instrument  makes  it  comparatively  simple  in  this 
way  to  determine  the  thermal  capacity  of  a  motor,  and  this  with 
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Fio.  4. — Current-curve  taken  by  ffnphac  xecofdmg-afliineter  on  one  of 
the  Schenectady-Albany  caxB  equipped   with   four  GE>71 
moton.    This  car  wag  cUmbing  a  heavy  grade  ioid  the  modott 
were  in  aeries. 

such  accuracy  that  consistent  results  are  assured  in  comparing 
motors  cf  different  sizes  and  designs. 

Figs.  1  and  2  give  general  views  of  the  instnmient,  and  Pigs. 
3,  4,  5,  6  and  7  copies  of  records  taken  under  different  conditions. 
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Pio.  5. — Voltage-curve  taken  by  graphic  recording-voltmeter  on  one  of 
the  Schenectady- Albany  can^ 
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Fxo.  6.— Cnrrent-curve  taken  by  graphic  recording-anuneter  on  an  Otis 
elevator  motor. 


Pio.  7  — Current-curve  taken  by  graphic  recording*ammeter  on  a  com- 
pound-woimd  generator. 


The  general  data  of  the  instrument  shown  in  Figs.  1  and  2  is 
as  follows. 
Length,    32^^ 
Width,     ISi'' 
Height,    Hi'' 

Approximate  weight,  100  lbs. 
Torque  of  ammeter,  210  gm-cm.     (Full  scale  24  degrees.) 

"  voltmeter,  200      '* 
Period,  0.33  seconds  for  complete  cycle. 
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Ampere-tums  in  fixed  ceil  cf  ammeter,  2400 

"      "         "       •'  voltmeter,  950 

*'  moving  '*       '*  ammeter,  80 

"       "        "       "  voltmeter,  189 

Watts  consumed  in  moving  coil  c  f  ammeter,  1 

"     "     voltmeter,.  3.3 

"     fixed      "     "     ammeter  130 

"     "     voltmeter,  33 
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THE  ELECTRICAL  CONDUCTIVITY  OF  COMMERCIAL 

COPPER. 

BY   LAWRENCE    ADDICRS. 

Electrical  conductivity  has  come  to  be  a  universally  accepted 
measure  of  the  degree  of  purity  of  copper  for  two  reasons  •  First, 
on  account  of  the  enormous  quantities  of  copper  used  in  electrical 
construction;  Secondly,  because  the  conductivity  forms  a  very 
delicate  test  of  the  chemical  purity  of  the  metal.  Furthermore, 
a  conductivity  test  may  be  made  upon  a  wire  of  suitable  dimen- 
sions in  about  three  minutes,  while  a  chemical  analysis  of  refined 
copper  is  a  tedious  and  correspondingly  expensive  operation. 

Matthiessen's  standard  (one  metre-gramme  of  pure  soft  copper 
at  0®  Centigrade  =  0.14172  international  ohms),  has  come  into 
very  general  use,  although  it  is  some  three  percent  too  low.  The  fact 
that  the  quality  of  the  copper  on  the  market  to-day  often  exceeds 
by  as  much  as  one  percent  the  purest  laboratory  copper  of  f«rty 
years  ago  forms  an  interesting  commentary  on  the  excellence  of 
modem  methods. 

Conductivity  is  affected  by  the  physical  state  of  a  metal  or 
alloy  as  well  as  by  its  chemical  constitution.  Now  in  order  to 
obtain  the  sample  of  wire  upon  which  a  measurement  is  made, 
the  copper  tmder  examination  must  be  subjected  to  several 
mechanical  processes,  and  these  different  v^ariables  must  be  taken 
into  account.  It  is-  the  purpose  of  this  paper  to  point  out  their 
influence. 

First,  let  us  take  up  the  influence  of  the  chemical  impurities 
commonly  met  with.  These  consist  of  oxygen  in  the  form  of 
suboxid  of  copper,  arsenic,  antimony,  and,  in  some  coppers, 
bismuth.  Small  quantities  of  some  other  elements,  may  be  met 
with  but  those  mentioned  are  the  impurities  to  be  looked  for  in 
low  copper. 
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The  relation  between  arsenic  or  antimony  and  conductivity- 
is  shown  in  Fig.  1.  As  arsenic  and  antimony  have  a  very 
similar  influence  the  data  have  been  gathered  as  arsenic  plus 
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antimony,  thereby  greatly  simplifying  the  work.  The  suboxid 
of  copper  is  practically  constant  in  all  these  determinations.  The 
conductivity  is  stated  for  annealed  samples  of  wire.     It  'Will  be 
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noticed  that  1/100  percent  of  arsenic  or  antimony  lowers  the 
conductivity  about  five  percent. 

Fig.  2  shows  the  relation  between  suboxid  and  conductivity 
in  annealed  wire.  The  suboxid  has  been  calculated  from  the 
oxygen,  itself  obtained  by  subtracting  the  percent  copper  by 
analysis  from  100.  The  quantity  of  other  impurities  present 
is  so  small  that  this  is  substantially  correct.  The  crest 
of  the  curve  shows  copper  "  in  pitch  "  or  "  set  "  or  when  suffix 
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cient  oxygen  is  retained  to  keep  the  impurities  as  oxids,  in  which 
state  they  are  supposed  to  be  less  harmful.  The  possible  forma- 
tion of  a  carbid  or  the  absorption  of  hydrocarbon  gases  from 
"  overpoling  *'  in  the  refining  furnace  has  also  been  sug^^ested. 

We  come  now  to  the  physical  characteristics  and  their  influence 
upon  the  conductivity.  We  can  cause  considerable  changes  in 
structture  by  mechanical  operations  and,  as  would  be  expected, 
the  conductivity  is  affected  thereby,  but  by  no  means  as  seriously 
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as  by  arsenic  or  antimony.  The  operation  most  commonly  met 
with  is  that  of  wire  drawing — conductivity  varies  with  hard- 
ness. In  Fig.  3  conductivity  and  tensile  strength  are  plotted 
against  the  percentage  reduction  in  area  of  a  wire  rod  after 
annealing  and  in  Fig.  4  conductivity  is  plotted  directly 
witli  tensile  strength.  It  will  be  seen  that  the  tensile 
strength  varies  almost  directly  as  the  reduction  in  area  and  that 
thie  conductivity  drops    about  1/10  percent  for  every  1,3001b. 
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RELATION  BETWEEN  CONDUCTIVITY  AND  TENSILE  STRENGTH 
IN  COPPER  WIRE 

gain  in  tensile  strength,  a  fact  which  must  be  taken  into  account 
wlicn  comparing  diUcrcnt  samples  of  hard-drawn  wire.  Fig.  4 
alsD  shows  results  obtained  where  a  hard-drawn  wire  is  given 
di^wTcnt  degrees  of  annealing.  This  ratio,  shown  by  the  angle 
of  inclination  of  the  straight  line  to  the  axes,  is  independ- 
ent, in  so  far  as  the  writer's  investigations  have  extended,  of  the 
actual  conductivity  of  the  annealed  wire,  which  is  of  course 
dependent  upon  chemical  purity. 
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Fig.  5  shows  the  effect  of  temperature  in  the  annealing  opera- 
tion. A  hard-drawn,  12  B.  &  S.,  wire  has  been  heated  to 
various  temperatures  by  being  forced  to  carry  currents  from  zero 
to  a  fusing  current  of  about  220  amperes.  The  actual  tempera- 
tures were  not  measured  at  the  time  the  tests  were  made.  Very 
roughly  the  temperature  in  degrees  Fahrenheit  will  be  about  ten 
times  the  values  shown  for  amperes.  Ii^  the  experiments  quoted 
about  ten  feet  of  wire  was  put  in  series  with  a  water 
rheostat  and  the  whole  shtmted  around  forty  or  fifty  volts  of  a 
4,000-ampere  circuit.  The  current  was  adjusted  by  acidifying 
the  water  in  the  rheostat  and  was  left  on  injeach  case  xmtil  it 
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ELECTRICAL  ANNEALING  OF     12  B.  &  S.  COPPER  WIRE                       J 

reached  a  steady  value-  -a  matter  of  about  a  minute.  The  time 
during  which  the  current  was  on,  after  this  steady  hc^t  was 
reached,  seemed  to  exert  no  other  edect  than  to  increase  the 
shell  of  scale  formed  on  the  wire. 

The  question  at  once  arises  whether  the  lower  conductivity 
due  to  overheating  is  caused  by  the  absorption  of  oxygen  in  some 
way  or  to  a  crystalline  change.  The  first  idea  that  suggested 
Itself  was  to  anneal  the  wire  in  such  a  way  that  oxygen  could  not 
attack  it.  Handling  white-hot  wire  of  the  length  needed  in  an 
atmosphere  of  nitrogen  proved  somewhat  troublesome,  however, 
and  was  left  as  a  last  rcGort.  Silver-plated  wire  was  tried  but 
the    plating    would   not   stand   the    temperature      Finally  the 
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problem  was  attacked  in  two  different  ways:  First,  samples  of 
burned  wire  were  immersed  in  dilute  nitric  acid  until  the  diameter 
was  considerably  reduced  and  then  measured  for  conductivity. 
No  appreciable  difference  was  found,  showing  that  any  chemical 
change  was  at  least  imiform  throughout  the  wire;  Secondly » 
samples  of  burned  wire  were  drawn  to  a  smaller  size,  re-annealed 
properly  and  then  tested.  The  original  wire,  when  properly 
annealed  showed  100.4  percent  conductivity;  when  burned  for 
the  test,  99.1  percent;    and  when  drawn  down  and  re-annealed 


Fig.  6. — Good  cast  copper — X50. 


properly,  100.5  percent.     These  results  show  the  change  to  be 
of  a  physical,  not  chemical  nature. 

Figs.  6,  7  and  8  are  micro-photographs  of  copper  samples  which 
have  been  polished  and  etched  in  50-percent  aqua-regia  for  about 
30  seconds.  The  magnification  and  the  size  of  rod  from  which 
the  samples  have  been  cut  are  the  same  in  each  case.  Fig.  6 
shows  good  copper  in  "^et",  having  a  conductivity  when  dra^Ti 
and  annealed  of  90.7  percent.  Pure  metals,  when  cast,  crystallize 
on  cooling  into  irregular  grains  the  size  and  distribution  of  which 
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depend  largely  upon  the  size  of  casting  and  rate  of  cooling. 
When  small  quantities  of  impurities  are  present  they  form  a 
matrix  of  what  is  probably  an  eutectic  alloy  of  the  metal  and 
the  impurities,  in  which  the  grains  of  pure  metal  aie  set.  This  is 
the  case  with  the  sample  under  discussion  where  the  total  im- 
]>irities  amount  to  about  one-tenth  percent.  Each  of  these 
grains  is  made  up  of  smaller  crystals,  the  cleavage  being  in  differ- 
ent directions  in  grains.  Fig.  7  shows  a  copper  low  enough  in 
pitch  to  give  trouble  at  the  draw-bench.     It  is  tho  lowest  of  the 


'FtG.  7. — **  Low  "  cast  copper — X50. 

•series  of  points  on  Fig.  2  and  nms  96.4  percent  annealed.  The 
change  in  structure  is  at  once  apparent  and  accounts  for  the 
brittleness  developed. 

When  copper  is  rolled  and  drawn  this  granular  structure  is 
broken  down,  a  fine  fibre  resulting.  Fig.  8  shows  a  sample  of 
trolley  wire  which  has  been  heated  over  a  gas-blast  to  a  bright 
heat.  It  shows  a  partial  return  to  the  crystalline  state,  the  matte 
surface  in  places  having  the  same  appearance  as  a  hard-dra^Ti 
sample  as  far  as  fibre  is  concerned.     This  explains  the  lowering 


702  ADDICKS:  CONDUCTIVITY  OF  COFFER  [Nov,  20 

of  conductivity  by  overheating.  The  writer  has  never  made 
measurements  of  the  conductivity  of  cast  copper,  but  under- 
stands from  work  done  at  one  of  the  wire-mills  that  it  has  been 
found  to  run  about  3.5  percent  lower  than  the  annealed  wire. 
This  is  entirely  in  accord  with  the  data  shown  above  Copper 
that  has  been  re-melted  in  the  foundry  may  run  but  30  or  40 
percent,  due  to  the  absorption  of  gases. 

In  cast  copper  we  have  a  conductivity  resulting  from  the  com- 
bined conductivities  of  the  pure  copper  grains  and  the  impure 


Fig.  8.— ••  Burned  "  trolley  wire— X60 

matrix  or  cement.  When  this  is  rolled  the  structure  is  broken 
down  and  the  complex  shunt  and  series  circuits  rearranged  to 
better  advantage.  When  hard-drawn,  the  molecular  freedom 
is  restrained  and  more  work  has  to  be  done  in  the  necessary  oscil- 
lation of  an  atom  in  passing  a  charge  on  to  its  neighbor.  In 
annealing,  the  wire  is  brou|];!it  to  a  temperature  at  which  the 
cement  is  softened  and  all  internal  strain  is  equalized.  In  burn- 
ing, crystalline  growth  is  started  and  reverts  the  metal  to  the 
original  condition.  


1903.J  DISCUSSION  AT  NEW    YORK,  703 

Discussion  on  Mr.  Addick*s  Papbr. 

The  Presidenv: — The  paper  just  read  gives  much  inter- 
esting information  in  regard  to  .the  properties  of  copper  wire. 
Practically  the  only  specification  that  engineers  are  able  to  use 
is  that  copper  shall  have  a  conductivity  98  percent  of  that  of 
pure  copper;  all  else  is  left  to  the  manufacturer.  If  the  author 
had  embodied  a  specification  for  copper  for  railroad  and  lighting 
work,  it  would  have  been  most  beneficial. 

F.  J.  Newbury  : — The  results  given  in  this  paper  are  confirmed 
by  our  work.  Our  test  for  the  purity  of  copper  is  a  conductivity 
test.  Manufacturers  of  copper  wire  would  greatly  prefer  that 
the  specification  should  apply  to  the  strands  making  up  a  wire, 
and  not  to  the  stranded  wire  as  a  whole;  the  resistance  of  the 
stranded  wire  is  greater  than  that  of  the  individual  wires  com- 
posing it,  and  the  strength  of  the  stranded  wire  is  less.  The 
difference,  however,  between  the  stranded  wire  and  its  com- 
ponent parts  is  not  always  the  same;  the  component  wires,  if 
hard  drawn,  should  have  a  tensile  strength  of  60,000  pounds  per 
square  inch,  and  a  conductivity  of  97  percent  Matthiessen 
standard.  The  resistance  of  stranded  wire  will  be  approximately 
3  percent  greater,  and  this  seems  to  be  apparently  the  amount 
taken  up  in  the  twist  of  the  wires,  which  indicates  that  the  current 
follows  the  individual  wires  around  the  spiral.  Commercial 
copper,  as  now  made,  is  very  nearly  equal  to  the  conductivity 
shown  by  the  tables  published  by  the  Institute;  in  strength  it 
varies  from  52,000  to  65,000  pounds  per  square  inch;  68,000 
pounds  is  the  maximum,  and  60,000  for  an  ordinary  specification 
is  fair. 

The  President: — Engineers  will  probably  not  agree  with 
Mr.  Newbury  in  his  preference  for  a  specification  of  the  compo- 
nent wires  of  a  stranded  wire;  the  engineer  wishes  to  know  the 
result  to  be  expected  from  the  wire,  and  cares  little  for  the  factors 
entering  into  it;  he  does  not  wish  to  have  to  make  allowance  for 
the  manner  in  which  the  wire  is  made  up.  Possibly  the  matter  of 
heating  enters  into  the  consideration  of  a  stranded  cable ;  a  bare 
conductor  will  carry  more  energy  than  an  insulated  conductor. 
Is  it  not  possible  that  the  twisting  of  the  wires  reduces  the  con- 
ductivity a  portion  of  that  3  percent? 
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THE   COMPARATIVE    BEHAVIOR  OP   FLOATING  AND 

BOOSTER-CONTROLLED  BATTERIES  ON 

FLUCTUATING  LOADS 

BY    LAMAR   LYNDON. 

Methods  of  Application, — The  object  of  using  the  storage- 
battery  as  a  regulator  on  variable  loads  is  to  absorb,  as 
far  as  possible,  all  fluctuations  above  or  below  the  average 
current.  When  the  external  load  is  light,  the  generator 
sends  current  into  the  battery  as  well  as  to  the  external 
circtiit.  When  the  demand  is  heavy,  the  battery  discharges 
in  parallel  with  the  generator,  relieving  the  latter  of  the 
excess  load.  In  some  instances  it  is  desired  to  maintain  the 
generator  current  constant,  eliminating  the  shock  and  strain  of 
excessive  and  suddenly-imposed  loads,  and  to  secure  the  fuel- 
economy  incident  to  steady  loads  as  compared  with  fluctuating. 
In  other  cases,  the  object  is  to  maintain  a  constant  voltage  on  a 
circuit  or  rather  to  prevent  it  from  varying  more  than  a  prede- 
termined amount.  Obviously,  the  maintenance  of  absolutely 
constant  load,  or  voltage,  is  the  ideal  condition,  and  the  more 
nearly  this  is  approached  the  more  nearly  is  the  object  attained. 

Where  the  load  is  applied  some  distance  from  the  power- 
station,  there  are  flve  possible  methods  of  installing  a  storage- 
battery  to  maintain  the  load  on  the  generator  reasonably  con- 
stant, which  are: 

(1)  Floating  battery  in  power-station. 

(2)  Floating  battery,  out  on  line,  at  point  of  application  of 
load. 

(3)  Battery  with  booster,  in  power-station. 

(4)  Battery  and  booster,  out  on  line,  at  point  of  application  of 
the  load. 
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(5)  Battery  cut  on  line,  at  point  of  application  of  the  load,  and 
booster  in  the  power-station. 

Cell  Characteristic, — Fig.  (1)  shows  the  characteristic  of 
an  800-ampere-hour  cell  one-quarter  discharged,  at  70**  F., 
in  good  condition.  This  will  change  with  temperature,  the 
characteristic  more  nearly  approaching  the  horizontal  with 
higher,  and  the  perpendicular  with  lower,  temperature.  It 
will  also  change  with  state  of  charge,  density  of  electro- 
lyte, and  condition  of  plates.  The  ordinates  above  the 
horizontal  line  which  intersects  the  characteristic  curve  at 
zero  represent  the  voltage  of  a  cell  on  charge,  and  those 
below  this  line  the  volts  on  discharge,  at  various  rates  of  current 
flow.  The  abscissas  are  amperes,  the  curve  being  extended  on 
either  side  of  the  zero  to  that  point  where  the  current  flow  is 
equal  to  the  one-hour  rate  of  charge  or  discharge.  Each  reading 
was  taken  20  seconds  after  beginning  of  the  corresponding  current 
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flow.  The  zero  point  shows  the  voltage  of  a  cell  when  current 
flows  neither  into  nor  out  of  it. 

This  is  the  general  form  of  characteristic  for  nearly  any  type  or 
size  of  cell,  the  conditions  of  charge,  temperature,  density  of 
electrolyte,  etc.,  being  the  same.  The  data  then  to  construc- 
the  characteristic  for  any  size  of  battery  of  same  state  of  charge, 
temperature,  and  density  of  electrolyte  as  given  are: 

Volts  per  cell  at  zero,  2.025;  at  the  one-hour  discharge  rate 
1.915,  and  at  the  one-hour  charge  rate  2.14.  Connect  these 
points  by  a  straight  line.  The  one  shown  is  practically  a 
straight  line,  and  repeated  tests  on  many  sizes  and  types 
of  cells  indicate  that  if  the  conditions  be  maintained  constant 
throughout  a  test,  and  due  allowance  be  made  for  the  error  in 
reading  the  small  chan^^es  in  the  voltmeter  deflections,  the 
characteristic  is  a  straight  line  between  the  points  of  one-hoiir 
charge  and  one-hour  discharge  rates. 
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Conditions  Necessary  for  Floating. — If  a  storage-battery  be 
"  floated  "  on  a  system  on  which  the  load  is  fluctuating,  the 
voltage  of  the  circuit  atross  which  it  is  connected  must 
obviously  vary  with  the  load ;  rising  above  that  of  the  battery 
when  the  demand  is  light  and  sending  in  a  charging 
current;  falling  when  the  demand  }s  heavy  and  allowing  the 
battery  to  discharge  and  assist  the  generator. 

In  order  that  the  system  may  work  properly  there  should  be  a 
certain  relation  between  the  battery  characteristic  and  that  o 
the  generator.  The  greater  the  inclination  of  the  generator  char- 
acteristic to  the  horizontal;    that  is,  the  greater  the  change  in 
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voltage  with  change  in  load,  the  greater  will  be  the  battery 
discharge  on  loads  in  excess  of  the  normal  or  average  load.  Re- 
ferring to  Figs.  2  and  3.  In  Pig.  2  the  generator  characteristic 
has  a  certain  inclination  to  the  horizontal.  The  battery  char- 
acteristic is  superimposed  on  it,  the  point  of  zero  current  flow 
intersecting  the  generator  curve  at  the  point  of  normal  load — 600 
amperes.  For  simplicity  both  are  here  assumed  to  be  straight 
lines.  When  1,000  amperes  are  sent  over  the  line,  the  generator 
furnishes  880  and  the  battery  120  amperes,  the  increase  in  load 
on  the  generator  being  280  amperes  or  47  percent. 
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In  Fig.  3  the  inclination  of  the  generator  characteristic  is 
greater  than  in  Fig.  2,  and  for  1,000  amperes  station  output,  the 
generator  furnishes  750  amperes,  the«battery  250,  the  increase 
of  generator  load  above  normal  being  150  amperes  or  25  percent. 
In  the  latter  case,  however,  on  light  load,  the  voltage  rises  so 
greatly  that  an  excessive  current  will  pass  into  the  battery, 
probably  injuring  it.  As  the  one-hour  rate  of  charge  should 
never  be  exceeded — and  even  this  should  last  but  a  very  short 
time — the  relative  inclination  of  the  two  characteristics  must 
come  within  certain  limits.  Furthermore,  large  shtmt  generators 
of  high  efficiency  cannot  be  made — or  at  least  certainly  are  not 
made — so  that  the    full-load  voltage  decreases  more  than   15 
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percent  below  the  no-load  voltage.     This  limits  the  inclination 
of  the  generator  characteristic. 

CASE    I. — FLOATING    BATTERY    IN    STATION. 

Data  of  System. — Consider  the  case  of  a  fluctuating  load  such 
as  is  shown  in  Curve  A,  Fig.  7.  The  minimum  current  is  260, 
maximum  1,000,  and  average  600  amperes.  Such  a  load  coming 
directly  on  the  generating  equipment  must  result  in  low  effi- 
ciency and  high  fuel -con  sumption  per  h.p.  hour;  and  will  require 
generators  with  large  overload  capacity  and  heavy  engines  to 
withstand  the  strains  imposed.  It  may  here  be  mentioned  that 
the  load-curve  shown  is  not  an  assumed  one,  but  represents  the 
actual  readings  made  on  an  operating  electric  railway. 
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Assume  that  this  load  is  carried  over  one  feeder  to  a  point  2 
miles  from  the  power-station ;  that  the  minimum  voltage  at  any 
time  is  to  be  350  volts;  that  the  track  is  of  70  lb.  rail,  welt 
bonded.  Still  assuming  both  characteristics  as  straight 
lines,  Fig.  4  is  drawn.  Line  "  I  "  is  the  generator  character- 
istic. The  dotted  line  running  just  underneath  "  I  '*  is,  the 
characteristic  of  a.  600-anipere-hour  battery,  the  one-hour 
charge  or  discharge  rate  of  which  is  300  amperes.  This  line 
is  in  reality  coincident  with  the  generator  curve.  The 
voltage  of  the  generator  at  normal  load,  600  amperes,  is 
550  volts,  which  is  also  the  open-circuit  voltage  of  the 
battery.  The  ordinates  are  volts  as  indicated.  The  lower  set  of 
abscissas  are  amperes  of  generator  output;  the  set  on  the  hori- 


zontrJ  line  at  550  volts  are  amperes  of  charge  or  discharge  of  the 
battery. 

Sutfifnation  Curve, — Fig.  5  shows  a  simimation  curve  which 
gives  the  station  voltage  at  any  output  to  the  external  circuit  and 
is  constructed  as  follows : 

At  voltage  of.  530  the  generator  output  is  800  amperes,  the 
battery  discharge  200;  total,  l,t)00  amperes  to  the  line  at  this 
voltage.  Similnrly,  at  540  volts  the  sum  of  the  two  outputs  = 
700-1-100  =  800;  at  5G0  volts  the  generator  output  =  500 
amperes  and  the  current  going  into  the  battery  =100  amperes 
heace  the  line  current  =  500—  100  =  400.  Likewise,  at  570 
vclts,  line  cun^nt  ==  400  —  200  =  200  amperes.  In  this  way 
the  points  on  tl!S  summation  curve  are  located  which  give  line 
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current  as  the  abscissas  and  station  voltage  as  the  ordinates. 
Since  the  characteristics  are  both  straight  lines,  the  summation 
curve  is  also  a  straight  line.  In  this  case  only  two  points 
have  to  be  located  and  joined  together,  but  in  many  cases  where 
the  generator  characteristic  is  a  curve,  the  summation  line  be- 
comes a  curve  and  several  points  must  be  located  to  trace  it. 
For  tliis  reason  the  method  of  tracing  is  here  set  forth. 

Line  Constants, — From  Fig.  6  it  may  be  seen  that  the  station 
voltage  at  1,000  amperes  is  630  volts.  Since  the  minimuro 
voltage  at  the  delivery  point  2  miles  distant  must  not  fall  below 
350  volts,  the  total  line-drop  must  not  exceed  180  volts,  which 
fixes  the  resistance  at  .18  ohm.     The   resistance  of   two  miles 


of  well-bonded  70  lb.  rails  is  .0582  ohm.  This  leaves  .1218  ohm 
as  the  copper  resistance  or  .0609  ohm  per  mile,  corresponding 
to  940,000  cir.  mils.  Taking  this  resistance,  the  curve  of  line- 
drop  at  various  loads  is  plotted,  which  is  shown  in  Fig.  6.  This 
is,  of  course,  a  straight  line. 

Derived  Diagrams. — From  the  foregoing  data  and  figures  the 
curves  in  Fig.  7  are  derived.  Curve  A  is  the  load-diagram 
before  mentioned;  Curve  B,  the  generator  load;  Curve  C, 
the  current  to  or  from  the  battery;  Curve  D,  the  variation 
in  station  voltage  with  load,  and  curve  E,  the  change  of  voltage 
at  the  feeding  point,  plotted  by  subtracting  from  the  ordinates 


1903.] 


ON  FLUCTUATING  LOADS. 


711 


of  D  the  feeder-drop  for  the  various  currents.  Since  all  the  re- 
lations are  of  the  first  order,  the  various  curves  are  of  the  same 
form  as  the  load-curve.  Curves  D  and  E  are  also  of  the  same 
form,  but  reversed,  being  inverse  functions  of  the  load- 
curve. 

A  study  of  these  curves  reveals  the  following: 

(1)  The  voltage  at  the  station  falls  off  rapidly  with  increase 
of  load  (Curve  D,  Pig.  7). 

(2)  Only  two  thirds  of  the  capacity  of  the  battery  to  discharge 
are  utilized.  It  can  discharge  at  the  rate  of  300  amperes,  and  only 
200  amperes  are  drawn  from  it  at  the  instant  of  the  maximum 
peak  (Fig.  4). 

(3)  Because  of  the  fall  in  station  voltage  with  load,  the  copper 


required  on  the  line  is  excessive,  and  the  voltage  at  the  feeding- 
point  unsatisfactory,  as  shown  by  Curve  E. 

(4)  The  fluctuations  on  the  generator  are  greatly  reduced,  and 
the  capacity  of  the  generating  equipment  may  be  decreased  in 
the  ratio  of  8  to  10,  or  20  percent. 

Drooping  Generator  Characteristic, — All  the  foregoing  is  based 
on  straight  generator  characteristic.  As  a  matter  of  fact,  how- 
ever, it  would  be  of  the  form  shown  in  Fig.  8.  This  change, 
from  a  theoretical  straight  characteristic  to  the  actual  drooping 
one,  introduces  complications.  If  the  battery  characteristic 
intersect  that  of  the  generator  at  the  point  of  normal  load — GOO 
amperes — as  indicated  by  the  dotted  line,  the  discharge  on  heavy 
loads  will  be  greater  than  in  the  previous  case,  since  the  inclina- 
tion of  any  element  of  the  curved  portion  to  the  liorizontal  is 
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greater  than  that  of  the  straight-line  characteristic,  and  a  larger 
portion  of  the  load  will  be  taken  by  the  battery.  But  it  may  also- 
be  seen  that  with  the  same  light  loads  as  before,  the  battery-^ 
charging  ctirrent  is  less  than  in  the  previous  case. 

Relation  between  Input  and  Output, — In  any  battery  used  for 
regulation,  it  is  necessary  that  the  input  approximately  equal  the 
output,  otherwise  the  state  of  battery  charge  is  changed  and  the 
efficiency  of  the  regulation  decreased.  If  the  input  exceed  the 
output,  the  excess  energy  will  be  lost,  going  off  in  the  form  of  free 
gases  from  the  cells,  and  the  high  voltage  due  to  overcharging 
decreases  the  current  which  may  be  sent  into  the  battery  or  light, 
load,  thus  permitting  more  fluctuation  of  the  generator  load. 
Furthermore,  continuous  overcharge  will  ruin  a  battery,  if  per- 
sisted in. 
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If  the  output  exceed  the  input,  electrical  bankruptcy  follows 
and  the  battery  is  in  no  condition  to  help  the  generator  when 
most  needed. 

From  Fig.  8  it  may  be  seen  tbat  the  input  and  output  are  to 
each  other  inversely  as  the  two  areas  on  either  side  of  the  inter- 
section of  the  generator  and  battery  characteristics,  which  are 
formed  by  the  spaces  included  between  the  two  characteristics 
and  closed  by  horizontal  lines  which  are  drawn  through  the 
points  of  voltage  at  maximum  charge  and  discharge.  That  is, 
the  areas  ode  and  o  f  g  are  to  each  other  inversely  as  the  bat- 
tery input  is  to  the  output.  The  point  o  is  not  necessarily  the 
intersection  with  thd  line  of  average  external  load,  but  is  the 
point  of  intersection  of  the  two  characteristics.  Obviously  ^ 
therefore,  the  battery  characteristic  must  be  moved  downwards,. 
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increasing  o  p  g  and  diminishing  ode  until  these  two  areas  are 
equal,  the  resulting  areas  being  p  m  n  and  p  l  k.  This  means 
that  the  normal  battery  voltage  is  lowered,  its  zero  point  being 
shifted  downwards.  With  the  normal  load  of  600  amperes  on 
the  line,  there  will  now  be  a  charging  current  into  the  battery  of 
20  amperes,  making  the  generator  current  620  amperes  and 
lowering  the  station  voltage  to  548  volts. 

Conditions  with  Drooping  Characteristic, — The  conditions  are 
then  manifestly  less  advantageous  in  the  actual  case  than  in  the 
theoretical  case  first  discussed  and  in  either  case  are  worse  than 
they  would  be  with  an  over-compounded  generator  in  the  power- 
station  working  without  a  battery.  The  mere  reduction  of 
mechanical  strains  and  fuel-consumption  are  of  little  avail  if  the 
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cars  on  the  system  cannot  be  accelerated,  carried  over  grades  and 
schedules  maintained. 

Compound  Generator, — For  comparison  with  the  previous 
cases,  Figs.  9  and  10  are  shown.  In  Fig.  9  are  plotted  the  char- 
acteristic of  an  over-compotmded  generator,  the  line  characteris- 
tic with  resistance  .18  ohms  as  before  and  a  combination  of  these 
showing  the  total  characteristic  for  the  feeding-point.  From 
this  last,  the  curve  in  Fig.  10,  which  is  the  voltage  curve  at  the 
feeding-point,  is  plotted.  This  is  drawn  to  the  same  scale  as 
Curve  *'  E,"  Fig.  7,.and  a  comparison  of  these  two  curves  shows 
ihe  superiority  of  the  over-compounded  generator  working  alone. 
The  minimtun  voltage  in  the  former  case  is  350,  in  the  latter  401 ; 
and  the  maxima  are  522  and  482  volts  respectively.     If  350  volts 
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are  sufficient  for  satisfactory  operation,  the  resistance  of  the 
circuit  may  be  increased  from  .18  to  .23  ohm.  Deducting  the 
track  resistance,  .0582  ohm,  the  copper  resistance  becomes  .1718 
ohm  which  corresponds  to  665,000  cir.  mils,  as  against  946,000 
cir.  mils,  in  the  first  case — a  reduction  of  29  percent. 

Case  II. — Floating  Battery  out  on  the  Line. 

Data  of  System, — Consider  now  the  case  of  a  floating  battery 
located  at  the  feed-point— 2  miles  away  from  the  station :  Assume 
an  over-compounded  generator  giving  520  volts  at  no  load,  and 
5S0  volts  at  full  load  of  800  amperes,  and  assume  further  that  the 
battery  will  discharge  200  amperes  at  maximum  load  of  1,000 
amperes,  giving  800  amperes  as  the  maximum  transmitted  over 
the  line.  If  the  minimum  voltage  allowable  be  350  volts,  the 
resistance  ==  .287  ohm  or  .2288  ohm  for  the  copper  resistance . 
corresponding  to  495,000  cir.  mils,  or  25  percent  less  copper  than 
that  required  in  the  case  of  the  compound-wound  generator 
working  alone.^ 

Fig.  11  shows  the  generator  characteristic,  the  line  character- 
istic, the  combined  characteristic,  and  the  characteristic  of  a 
COO-ampere-hour,  392-volt  battery.  This  shows  that  when  the 
maximum  load  of  1,000  amperes  comes  on  the  system  the  gener- 
ator supplies  700  amperes,  the  battery  300,  and  the  voltage  is  371. 

Derived  Diagrams, — In  Fig.  12  are  shown  the  summation  curve 
of  Fig.  11,  giving  the  voltage  at  the  feeder-point  for  any  current 
to  the  line,  and  the  line  No.  2  which  shows  the  relation  between 
the  amperes  flowing  over  the  line  and  the  current  from  the  gen- 
erator. Fig.  13  shows  the  three  curves*  B  the  load  on  the 
generator;  C  the  current  to  or  from  the  battery,  and  D 
the  voltage  at  the  feed-point  all  for  the  same  load  curve  shown 
in  A,  Fig.  7.  All  these  are  to  the  same  scale  as  the  correspond- 
ing curves  in  Fig.  7  and  may  be  readily  compared  therewith. 

Excessive  Rate  of  Charge, — The  only  objectionable  feature  in  this 
system  is,  that  the  charging  current,  if  the  load  on  the  line  should 
reduce  to  zero,  would  be  far  in  excess  of  the  permissible  rate.  This 
is  shown  in  both  Figs.  11  and  12.  In  Fig.  12  the  voltage  at  zero  line- 
load  is  seen  to  be  425  volts,  which  on  the  combined  characteristic  in 
Fig.  1 1  corresponds  to  a  current-flow  over  the  feeder  of  450  amperes. 
If  there  is  any  possibility  of  the  line  ever  being  relieved  of  load, 
some  provision  must  be  made  for  avoiding  this  excessive  charge. 
In  the  system  under  discussion,  however,  this  never  occurs. 

Results. — The  location  of  a  floating  battery  at  the  feeding- 
point  shows  manifest    and    undoubted    improvement    in    that 
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it  not  only  performs  all  the  functions  of  equalization  with 
the  production  of  the  accompanying  benefits,  but  the  copper 
and  size  of  generator  are  so  muv,h  decreased  that  the  saving 
is  greater  than  the  cost  of  the  battery,  so  that  the  first  cost  of 
the  system  is  less  than  in  the  case  of  a  generator  without  the 
battery  auxiliary. 

It  is  to  be  noted  that  the  voltage  at  the  feeding-point,  with 
average  line-load,  is  392  volts,  which  is  also  the  open-circuit 
voltage  of  the  battery.  In  the  case  of  the  battery  located  in  the 
power-station,  the  floating  voltage  required  is  550.  The  number 
of  cells  in  series  in  the  former  instance  is  194,  and  in  the  latter  271 ; 
so  that  the  cost  of  the  battery  is  diminished  in  this  ratio,  or  28 
percent.  Also  this  changes  the  slope  of  the  battery  character- 
istic. The  550-volt  battery  shows  30  volts  increase  above 
normal  for  the  one-hour  charge  rate,  and  the  same  amount  below 
normal  for  the  one-hour  discharge  rate.  In  Fig.  11  it  may  be 
seen  that  the  variation  above  or  below  normal  for  the  one-hour 
rate  of  charge  or  discharge,  is,  21.5  volts  due  to  the  smaller 
number  of  cells  in  series.  The  change  in  the  voltage  of  the 
individual  cells  is,  of  course,  the  same  in  either  case. 

Overcharge. — In  practice  it  is  necessary  to  overcharge  or  "boil" 
the  cells  occasionally  to  maintain  them  in  good  condition.  The 
voltage  on  overcharge  rises  to  about  2.6  volts  per  cell  or  30 
percent  more  than  the  normal  voltage.  Thus  a  battery  which 
has  a  floating  voltage  of  550  volts  would  require  a  potential  of 
715  volts  at  the  terminals  to  give  a  proper  overcharge.  Since 
it  is  seldom  possible  to  increase  the  station  voltage  to  such  a 
figure,  it  becom,es  necessary  when  *'  boiling  **  to  connect  the 
battery  so  that  it  is  divided  into  two  portions,  each  having  an 
equal  number  of  cells  in  series.  These  two  halves  are  then  con- 
nected in  parallel  across  the  line.  As  the  voltage  required  to 
overcharge  is  now  halved,  proper  resistances  must  be  inserted 
between  each  set  of  cells  and  the  line.  Generally,  the  ordinary 
water-barrel  rheostat  is  used.  Since  overcharge  need  only  be 
given  ten  or  twelve  times  a  year,  this  is  not  a  continuous  condi- 
tion of  operation. 

Where  the  battery  floats  at  the  end  of  a  long  feeder  of  fairly 
high  resistance,  which  is  heavily  loaded,  the  normal  battery 
voltage  is  lower  than  that  of  the  station,  and  during  the  early 
hours  of  the  morning,  when  for  half  or  three  quarters  of  an  hour 
the  load  may  be  thrown  off  the  feeder,  the  decrease  in  feeder- 
drop,  together  with  full  generator  excitation,  may  bring  the 
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voltage  at  the  battery  terminals  up  sufficiently  high  ^o  give  it 
the  required  overcharge.  In  the  case  just  cited,  the  voltage  at 
the  feed-point  with  75  amperes  passing  over  the  line  (-which 
current  is  ample  for  boiling  a  600-ampere-hour  battery)  is  502 


volts.  The  potential  required  at  the  battery  is  194X2.6  —  50S 
volts.  A  very  slight  increase  in  the  generator  voltage  will, 
therefore,  meet  the  reqiiirement,  if  the  feeder  be  entirely  relieved 
of  other  load. 
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Comparison  Cases  I.  and  II. 
The  results,  then,  of  locating  a  battery  out  on  the  line  as  com- 
pared with  the  use  of  the  generator  working  alone  are : 

(1)  Load  on  generator  is  maintained  much  more  constant  as 
indicated  in  Curve  B,  Fig.  13. 

(2)  Copper  cost  is  greatly  reduced. 

(3)  Voltage  varies  much  less,  and  with  less  copper  the  minimum 
voltage  is  increased. 

Also  the  full  capacity  of  the  battery  is  utilized,  which  was  not 
the  case  when  fioated  in  the  station. 

Booster  Systems. 

In  discussing  the  operation  of  the  two  batteries  previously 
considered  with  booster  auxiliaries,  it  is  proper  here  to  indicate 
how,  and  imder  what  conditions,  automatic  boosters  operate. 
There  are  two  generic  types  of  regulating  boosters:  One  in  which 
slight  changes  of  line  voltage  cause  changes  in  field  excitation  to 
produce  charge  or  discharge;  in  the  other  the  field  excitation  is 
varied  by  the  changes  in  external  load. 

Fig.  14  shows  an  example  of  the  first-mentioned  type:  g  is  a 
shunt-wound  generator,  b  the  booster  armature,  e  the  battery, ' 
and  M  M  the  motors  or  variable  load  on  the  system.  The  driving- 
motor  is  not  shown.  The  operation  of  this  booster  is  as  follows: 
At  normal  load,  the  voltage  of  the  battery  and  line  are  equal,  and 
as  no  current  flows  either  into  or  out  of  the  former,  the  series 
field,  s,  is  not  excited  and  the  booster  voltage  is  zero.  On  in- 
crease of  external  load,  the  generator  tends  to  send  out  additional 
current,  causing  a  slight  decrease  in  line  voltage.  The  battery 
then  begins  to  discharge  and  the  field,  s,  being  energized  by  the 
outgoing  current,  induces  an  e.m.f.  to  assist  the  discharge,  or 
in  other  words,  adds  an  e.m.f.  to  the  battery  e.m.f.,  equal  to  the 
drop  due  to  discharge.  This  added  e.m.f.  compensates  for  the 
battery-drop  whatever  the  rate  of  discharge,  since  both  vary 
directly  as  the  outflowing  current.  Conversely,  if  the  load 
decreases,  the  line  voltage  will  rise  slightly,  causing  the  beginning 
of  a  charge.  The  direction  of  the  current  now  being  reversed  in 
the  coils,  the  e.m.f.  produced  in  the  booster  armature  is  also  in 
the  opposite  direction  and  assists  in  forcing  the  charge  into  the 
battery.  Since  the  rise  in  battery  voltage  on  charge  and  the 
booster  e.m.f.,  both  increase  proportionally  to  the  current, 
the  rise  in  battery  .e.m.f.  is  practically  compensated  for. 
Therefore,  within  small  percentages  the  voltage  is  maintained 
constant,  regardless  of  the  rate  of  battery  charge  or  discharge. 
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and  from  this  it  follows  that  the  load  on  the  genei  ator  16  also  kept 
constant.  Obviously,  this  booster  is  operative  only  on  systems 
having  a  falling  characteristic  with  load  increase ;  that  is,  with  a 
shunt  generator,  if  the  battery  is  located  in  the  power-house  or 
on  a  feeder,  the  drop  through  which  exceeds  the  increase  in 
voltage  at  the  generator  terminals,  if  the  system  is  fed  by  a  com- 
pound-wound dynamo. 

The  second  type  of  booster  is  shown  in  Fig.  15.  In  this  the 
battery  voltage  is  equal  to  that  of  the  line,  and  at  normal  load  the 
excitation  of  the  series  field  s,  which  is  in  the  external  circuit,  is 
exactly  equal  to  that  of  the  shunt  field  /.  These  being  oppositely 
woimd,  neutralize,  and  the  booster  voltage  is  zero.  If  the  exter- 
nal load  be  increased,  the  excitation  of  s  overpowers  that  of  / 
and  there  results  a  booster  e.m.f .  proportional  to  the  increase  in 
-external  load  and  in  a  direction  to  cause  the  battery  to  discharge. 
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Should  the  load  decrease,  the  shunt  field  is  the  predominant  one 
and  produces  an  e.m.f.  in  the  booster  armature  to  cause  a  charg- 
ing current  to  flow  into  the  battery.  This  booster  can  be  used 
either  with  shunt  or  compound-wound  machines. 

These  diagrams  merely  illustrate  the  salient  principles  of 
booster  operation,  and  are  not  complete  practical  devices,  as 
additional  windings  are  required  to  produce  points  of  stable 
equilibrium  and  prevent  excessive  charge  or  discharge.  There 
is  a  large  number  of  diff'erent  types  having  various  windings  and 
connected  in  ways  peculiar  to  the  ideas  of  the  inventors,  or  the 
limiting  factors  of  existing  patents.  These  two,  however,  show 
the  principles  on  which  they  all  work. 

Case  III. — Battery  with  Booster  in  Power-Station. 

Since  with  a  booster-controlled  battery,  the  generator  load  is  kept 
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practically  constant,  it  matters  little  what  kind  of  generator  is 
used  in  the  power-station,  it  being  only  necessary  to  settle  on  the 
best  average  station  voltage.  Assuming  550  volts  as  the  desired 
e.m.f.  at  the  station,  a  550-volt  battery,  the  same  load  and 
general  conditions  as  in  Case  I,  the  size  of  battery  is  to  be  deter- 
mined. Since  the  average  load  is  600  amperes,  and  the  maximum 
1,000,  a  battery  to  discharge  400  amperes  is  required.  If  the  one- 
hour  rate  is  not  to  be  exceeded,  an  800-ampere-hour  battery  is 
necessary.  The  maximimi  load,  however,  comes  on  the  system 
but  infrequently,  as  shown  by  the  load-diagram,  and  as  it  lasts 
only  5  seconds,  a  700-ampere-hour  battery,  having  a  one-hour 
rate  of  350  amperes,  will  be  ample  as  it  will  only  have  to  give 
out  17  percent  in  excess  of  its  rating,  and  then  for  a  negligible 
time.  Even  a  600-ampere-hour  battery  would  work  satisfactorily 
on  this  load. 


Assuming  a  700-ampere-hour  battery  in  the  station,  practically 
all  the  fluctuations  in  load  will  be  absorbed  and  the  generator 
load-curve  becomes  a  straight,  or  rather  a  wavy  line.  The 
station  voltage  being  constant,  the  feed-point  e.m.f's  at  various 
line-loads  are  not  quite  so  satisfactory  as  are  furnished  by  a 
compotmd-wound  generator.  If  the  minimum  voltage  at  the 
feed-point  is  to  be  350,  the  resistance  must  not  exceed  .2  ohm 
or  .1418  ohm  for  the  copper  resistance,  requiring  805,000  cir.  mils, 
as  against  665,000.  The  generating  equipment,  however,  is 
reduced  in  size  from  550  kw  to  350  kw  and  the  fuel  economy 
greatly  increased. 

Comparison  op  Cases  I.  and  III. 

As  compared  with  the  shunt-wound  generator  working  witli  a 
floating  battery  in  the  power-station,  the  generating  equipment 
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is  330  kw  as  against  440;  the  copper,  805,000 'circular  mils  as 
against  945,000 ;  the  load  variation  6  percent  as  against  47  percent ; 
the  voltage  variation  at  the  feed-point  19  percent  as  against  20 
percent — these  two  factors  being  practically  equal,  because  of  the 
greater  amount  of  copper  in  the  line  fed  from  the  floating^ 
battery. 

Casb  IV. — Battery  and  Booster  Out  on  Line. 

If  the  floating  battery  out  on  the  line  has  a  booster  auxiliary 
working  with  it,  the  current  passing  over  the  feeder  will  be 
maintained  constant,  and  the  average  load  only  will  be  trans- 
mitted from  the  power-station.  If,  as  in  the  previous  cases,  the 
voltage  is  not  to  fall  below  350  volts,  the  resistance  (assuming 
650  as  the  generator  voltage)  will  be  .333  ohm  total  or  .2751 
ohm  for  the  copper;  equivalent  to  415,000  cir.  mils.  This^ 
however,  is  not  so  advantageous  as  it  seems,  for  the  voltage  at 
the  point  where  the  booster  is  located  is  constant  and  the  e.na.f . 
will  neither  fall  below  350,  nor  will  it  rise  above  it.  Taking  420 
volts  as  a  satisfactory  pressure,  the  resistance  of  the  line  becomes 
.217  ohm  -  .1588  ohm  for  the  copper  -  720,000  cir.  mils.  This 
allows  the  maintenance  of  a  satisfactory  potential  which  varies 
so  slightly  as  to  be  practically  constant. 

Comparison  op  Cases  II.  and  IV. 

Compared  with  the  floating  battery  on  the  line,  the  booster- 
controlled  system  gives  a  higher  and  more  satisfactory  voltage ; 
the  copper  is  720,000  cir.  mils,  as  against  495,000  cir.  mils.  This 
is  not  a  real  comparison,  however,  in  view  of  the  higher  voltage 
maintained.  The  load  on  the  generating  equipment  is  kept  con- 
stant within  6  percent  as  against  a  variation  of  17  percent;  the 
power-house  capacity  required  is  330  kw  against  385  kw. 

While  the  booster-controlled  battery  out  on  the  line  is  theoreti- 
cally superior  to  a  similar  equipment  in  the  power-statioa  it 
requires  extra  attendance,  which  in  many  cases  offsets  its 
advantages  and  makes  it  advisable  to  put  the  booster  and 
battery  in  the  station  and  add  a  little  more  copper  to  the  line,  or 
install  a  floating  battery  at  the  feed-point. 

Furthermore,  the  usual  condition  in  practice  is  that  of  a  poorer- 
plant  supplying  current  to  numerous  feeders,  no  single  one  of 
which  carries  sufficient  current,  or  is  enough  longer  than  the 
others  to  warrant  a  battery  installation  only  to  take  care  of  its 
load  and  voltage.  Generally,  therefore,  in  order  to  regulate  the 
station  load,  the  battery  and  booster  must  be  in  the  power-sta* 
tion. 
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The  advantages  shown  by  the  booster-controlled  batteries  over 
those  floating  across  the  circuit,  do  not  include  a  most  important 
one;  namely,  the  ability  to  obtain  full  battery  discharge  even 
when  the  stored  energy  in  the  cells  is  neariy  exhausted  and  the 
voltage  decreased  below  normal.  The  battery  characteristic 
(Fig.  1)  shows  that  the  minimum  voltage,  when  discharging  at 
the  hour  rate,  is  1.915  volts  per  cell.  This  is  the  case  only  when 
the  battery  is  worked  neariy  fully  charged,  and  the  output  and 
input  are  so  nearly  equal,  that  the  state  of  battery  charge  is 
practically  unchanged.  If,  however,  any  unusual  condition  or 
event  should  raise  the  average  load  on  the  system,  the  output 
might  exceed  the  input  for  several  hours,  and  the  battery  becomes 
so  far  exhausted  that  the  voltage  would  fall  to  1 . 7  per  cell  when  dis- 
charging at  the  one-hour  rate.  This  is  a  decrease  of  .215  volts  per 
cell — or  58  volts  in  a  550-volt  battery — below  the  minimum 
voltage  of  discharge  when  the  battery  is  worked  near  the  point  of 
uU  charge.    Obviously,  without  a  booster  the  battery  in  this  con- 
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dition  would  not  be  of  any  assistance  at  all  in  the  power-station, 
and  its  regulating  ability  out  on  the  line  greatly  impaired. 

Another  advantage  offered  by  the  booster  is,  that  the  neces 
sary  overcharge  is  not  attended  by  a  troublesome  manipulation 
of   water-barrels,    with    the    usual    accompaniment    of    heavy 
grate-bars  and  a  jug  of  sulphuric  acid. 

Case  V. — Booster  in  Station;  Battery  on  Line. 

The  final  method  of  installing  the  battery,  that  is,  with  the 
booster  in  the  power-house  and  the  battery  out  on  the  line,  is 
peculiar,  in  that  only  one  type  of  booster  may  be  used,  and  there 
must  be  a  separate  feeder  from  the  booster  to  the  point  where 
the  battery  is  located.  In  the  foregoing  discussions,  a  single 
feeder  from  the  power-station  to  the  feed-point  has  been  assumed, 
to  simplify  the  comparison,  which  is  just  as  valid  in  its  results 
as  if  the  load  had  been  distributed  over  the  length  of  various 
feeders.  If  the  circuits  in  the  cases  discussed  were  merely  a 
simple  trolley  and  track  with  distributed  loads,  any  of  the  four 
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described  applications  could  be  tised,  except  that  the  booster 
fiystem  shown  in  Fig.  15  would  not  be  suitable  as  the  auxiliary 
for  the  battery  floating  on  the  line. 

Character  of  Booster, — A  particular  arrangement  of  the  type  of 
booster  shown  in  Fig.  15,  causes  it  to  allow  only  a  practically 
unvarying  current  to  pass  through  its  armature.  Referring  to 
Fig.  16,  G  is  the  generator;  b  the  booster  armature;  /,  a  shimt 
field;  s  a  series  field;  e  the  battery,  and  m  m  the  motors  or  vari- 
able load.  The  voltage  across  the  mains  at  x  is  obviously  the 
generator  voltage,  while  the  potential  at  the  terminals  of  m  m  is 
equal  to  the  voltage  at  x  plus  that  of  the  booster.  As  in  the  case 
of  the  booster  shown  in  Fig.  15,  the  shunt  and  series  fields  are  in 
opposition;  but  at  normal  load,  the  magnetization  of  the  shunt 
field  exceeds  that  of  the  series  field,  and  an  e.m.f .  is  generated  in 
the  booster  armature,  which  is  added  to  that  of  the  generator  to 
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produce  normal  voltage  across  the  mains.  The  battery  being 
connected  directly  across  the  mains,  its  normal  voltage  is  equal 
to  that  of  the  generator,  plus  booster. 

If  an  excess  load  should  come  on  the  system,  the  generator 
tends  to  send  additional  current  to  the  line,  strengthening  s  and 
reducing  the  booster  voltage  and,  consequently,  the  potential 
across  the  mains.  The  battery  then  discharges.  The  converse 
occurs  on  increase  of  load;  the  booster  voltage  rises,  and  current 
flows  into  the  battery.  This  system  allows  only  a  constant 
current  to  pass  through  the  booster  armature  and  is  therefore 
Icnown  as  the  constant-current  booster. 

In  Fig.  17  is  shown  the  method  of  applying  this  machine  to  the 
case  in  hand.  The  symbols  are  the  same  as  in  Fig.  16;  t  is  the 
trolley,  r  the  track  and  f  the  feeder  from  the  booster.  The 
shtmt  coil  /  is  connected  across  the  line  and  coils  in  series  with 
the  feeder  p. 
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Line-Drop. 

In  Fig  18.  the  curve  a  represents  the  voltage  which  obtains 
along  a  line  fed  from  one  end,  and  with  the  load  uniformly  dis- 
tributed along  its  length. 

In  the  figure,  the  drop  at  the  distance  l,  from  the  source  of 
is  seen  to  be  350  volts.  If  from  p  only  one  half  the  circuit  is  sup-^ 
plied  with  current,  there  will  be  a  decrease  in  drop  due  to 
lowered  resistance,  and  a  further  decrease  due  to  the  fact  that 
only  one  half  the  current  flows  over  the  feeder.  If  the  dis- 
tributed load  from  p  to  b  is  1,000  amperes  and  the  drop  350 
volts,  the  load  over  one-half  the  distance  is  500  amperes  and  the 
resistance  of  the  circuit  one  half  that  from  p  to  e,  so  that  the 
drop  is  one  fourth  of  350  or  87.5  volts,  if  the  circuit  extend  only 
to  N.  This  shows  that  the  drop  at  the  end  of  a  main  supplying 
a  distributed  load  varies  directly  as  the  square  of  the  distance 
over  which  it  feeds. 
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Data  of  System. 

Assume  the  same  conditions  as  in  previous  cases  and  shown  in 
Fig.  19,  taking  the  load  as  being  equally  distributed  along  the 
line,  which  in  this  case,  however,  is  5  miles  in  length  instead 
of  2  miles,  as  before.  Computations  for  drop  on  a  2-mile  line  with 
this  system  show  the  cross-section  of  the  copper  to  be  so  small 
that  it  has  not  the  requisite  current-carrying  capacity.  The 
copper  which  extends  along  the  entire  length  of  the  circuit  will 
be  taken  as  400,000  cir.  mils,  inclusive  of  the  trolley  wire.  The 
resistance  per  mile  of  circuit  is  .1424  ohm  for  the  copper  and 
.0291  for  the  track,  making  .1715  ohm  per  mile,  or  .8575  ohm 
total.  The  drop  on  distributed  load  is  429  volts  at  the  far  end 
of  the  line  when  1,000  amperes  pass  over  it.  This  is  shown  by 
Curve  No.  1  in  Fig.  19.     It  is  desired  so  to  place  the  battery  on 
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the  line  as  to  reduce  the  drop  to  150  volts,  putting  the  booster 
in  the  power-station,  and  adding  such  an  amount  of  copper  as 
may  be  necessary. 
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Location  and  Voltage  of  the  Battery. 

Since  the  drop  from  the  power-station  varies  as  the  square  of 
the  distance  over  which  a  distributed  load  is  supplied,  the  dis- 
tance, X,  to  which  the  original  copper  can  feed  at  a  drop  of  150 
volts,  is  computed  by  Iha  proportion: 

J\?  :  (5)2  :  :  150  :  429.  from  which 
X  =  2.89  miles,  which  is  shown  at  point  b. 
The  remaining  distance,  or  2.11  miles,  is  to  be  divided  into  two 
£qual  parts  an4  ths  battery  so  located  that  it  will  feed  in  each. 
^direction  1,055  miles,  which  is  its  distance  from  the  end  of  the 
line.  Point  c.  shows  its  position.  Its  voltage  is  fixed  by  the 
condition  that  the  line  voltage  must  not  fall  below  400  volts. 
Applying  the  above  propoi;Jion: 

(by  :  429  :  :  (1.055)^:  Y 


Y  = 


429  X  (1.055)' 
(5)' 


=  19.1  volts 


=  drop  for  the  distributed  load  on  either  side  the  battery,  -which 
is  located  at  c.  19.1+400  =  419.1  =  battery  voltage  when  dis- 
charging at  maximum  rate  or  1,915  volts  per  cell. 
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419.1 


1.915 


219  —  No.  of  cells  in  series. 


219x2.025  =  443.47  =«  voltage  at  c,  with  normal  load  on  sys- 
tem, battery  neither  charging  nor  discharging,  2.025  being  the 
open-circtiit  voltage  per  cell  as  shown  in  the  characteristic 
(Fig.  1).  Voltage  per  cell  is  2.14  when  charging  at  maximum 
rate. 

2.14x219  =  468  =  volts  at  battery  at  maximum  charge. 
Changes  with  Load  Variations, 

As  the  load  decreases  and  the  voltage  rises,  the  distance  that 

the  line  will  feed  toward  the  battery  is  increased  as  shown  by 

curves  4  and  6,  while  curves  5  and  7  show  the  corresponding  rise 

of  potential  at  the  end  of  the  line.       At  normal  load  of  600 

amperes  total,  the  minimum  voltage  is  440  and  the  point  of 

lowest  potential  has  moved  outward  to  e,  the  station  now 

feeding  from  a  to  e.     When  the  minimum  load  of  260  amperes  is 

1.  J  .1.             ^  r            .       •    260x3.96         ^^ 
supphed  the  current  from  a  to  c  is r =  207     amperes 

The  drop  at  this  load  is  only  71  volts,  making  the  line  voltage 
at  c,  479,  which  is  11  volts  higher  than  that  of  the  battery 
on  charge.  Therefore,  the  line  will  supply  all  current  from  a  to  c, 
and  also  send  enough  into  the  battery  to  bring  the  voltage  of  the 
line  at  c  down  to  468;  which  extra  current  to  the  battery  is 

=  16.3    amperes,  0.6774    being    the    resistance  of   the 

circtiit  from  a  to  c. 

The  point  e  and  the  voltage  at  that  point  are  computed  as 
follows:  The  general  formula  for  distance  to  which  each  of  two 
sources  of  current  will  feed  where  both  supply  the  same  line  at 
a  fixed  distance  from  each  other  and  where  the  line  carries  a 
distributed  load  is 

X  -  -^  +^*7^'  in  which 
2       ar  L 

Vi  is  the  voltage  of  the  source  having  the  higher  potential. 

Vj  the  voltage  of  the  source  having  the  lower  potential. 

L  =  distance  between  the  two  sources  in  feet. 

a  =  amperes  of  distributed  load  per  foot  of  line. 

r  =  resistance  per  foot  of  circuit  taken  over  single  distance  of 
transmission. 

X  «  distance  in  feet  to  which  the  higher  voltage  source  will 
feed. 
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L  —  X  =  distance  to  which  the  lower  voltage  source  will  feed. 
In  the  case  under  consideration  the  quantities  are  as  follows : 
L  =  3.96  miles  =  20,880  feet. 
Vj  =  550  volts. 
F,  =  443.47  volts. 

600 
a  ==  =  0.02278  amperes  per  foot 

r  «  ^5280^^  0.0000325  ohm  per  foot. 
„       20880  .  550-443.47 

^    "*  n r 


0.02278  X  0.0000325  X  20,880 


=  17270  ft.  =  3.27  miles. 

which  is  the  distance  of  e  from  a.     The  current  distributed 

600  X  3  27 
over  the  line  to  e  is ^— ^ —  =  392.4    amperes.     The     re- 
sistance of  this  length  of  circuit  is  0.1715x3.27  =  0.56  chm. 

mt.     ^        ^1.       X  392.4x0.56       ,,^       . 

The  drop  then  to  e  = ^ =110  volts,  making  the 

voltage  at  e  440  volts,  when  the  normal  current  flows  over  the 

line. 

Feeder  to  Battery. 

The  total  current  to  that  portion  of  the  system  past  e  away 
from  A,  must  be  supplied  by  the  feeder  f  (Fig.  17),  and  this 
current  Z  is  determined  by  the  proportion. 

(5  -  3.27)  :  Z  :  :  5  :  600,  whence 
Z  =  207.6  amperes. 

The  size  of  the  feeder  f  is  now  to  be  decided  on.  If  its  current- 
carrying  capacity  be  sufficient  to  allow  207.6  amperes  to  flow,  its/ 
resistance  is  of  little  moment  so  far  as  the  operation  of  the  system' 
is  concerned,  since  the  voltage  of  the  booster  can  be  made 
sufficiently  high  to  compensate  for  any  feeder-drop.  This  re- 
sistance, however,  is  commercially  a  serious  factor,  since  the 
booster  energy  input  is  lost.  The  question  then  is  to  determine 
the  most  economical  cross-section  of  copper,  which  is  beyond  the 
scope  of  this  paper.  For  purposes  of  the  discussion  assume  it 
to  be  400,000  cir.  mils,;  resistance  .1424  ohm  per  mile.  Resist- 
ance of  circuit  =  .1424  +  . 0291  =  .1715  ohm  per  mile;  or  .1715  X 
3.95  -  .6774  ohm,  total.     The  drop  then  to  c  =  .6774  X 207.6  «» 
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140  volts.  443+140  =  583  =  voltage  of  generator  plus  booster 
at  the  station.  583  —  550  =  33  =  booster  voltage  when  average 
load  is  on  the  line.  Since  the  current  is  practically  constant, 
the  drop  to  c  may  be  considered  constant,  hence  for  variation 
of  battery  voltage  to  cause  charge  or  discharge,  the  booster 
voltage  must  vary  as  indicated  at  a.  The  straight  lines  10,  11, 
12  show  the  drop  along  the  feeder. 
Battery  Capacity. 

Since  the  battery  regulates  2.11  miles  of  the  system,   the 
average  current  ls  shown  is  207.6  amperes,  while  the  maximum 


— — - —  »  422   amperes.       Therefore,   the   one-hour  dis- 


charge rate  should  be  422  —  207.6  =  214.4  amperes,  making  the 
battery  capacity  430  ampere-hours.  The  constant  current  from 
the  booster,  however,  must  be  taken  care  of.  On  light  load  the 
generator  is  furnishing  all  crurent  up  to  c,  and  also  16.3  amperes 
to  the  battery,  making  223.3  amperes  flowing  to  this  point.     The 


,.       ^              .                   ,    260x  1.055       ^^  ^ 
current  consimiption  from  c  to  d  is  only  r =  54.8 


amperes;  223.3  —  54.8  =  168.5  amperes,  going  to  the  battery 
which  should  not  be  in  excess  of  the  one-hour  rate  of  charge. 
This  necessitates  the  use  of  a  340-ampere-hour  battery,  which 
is  less  than  the  capacity  required  for  the  maximum  discharge. 
Results. 

This  system  then  distributes  current  over  five  miles  with  a 
maximum  current  of  1,000  amperes:  the  minimum  voltage  is 
400,  the  average  440,  the  fluctuations  on  the  system  are  from 
260  to  1,000  amperes,  on  the  generator  from  431  to  785.6.  This 
is  accomplished  by  the  use  of  9  miles  of  400,000  cir.  mil.  feeder, 
a  12^  kw.  booster,  a  450  kw.  generator,  and  261  cells  of  430- 
ampere-hour  capacity. 

This  paper  has  covered,  it  is  true,  only  one  set  of  conditions, 
but  from  it  can  be  learned  the  method  of  investigation  applying 
to  any  particular  set  of  conditions ;  and  it  also  shows  that  the  set- 
ting forth  of  any  general  formulas  or  deductions  to  be  applied 
indiscriminately  is  practically  impossible. 
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Appendix. 


Deduction  of  formula 
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Fig.  20. 

In  Fig.  20  the  heights  of  Vj  and  Fj  represent  the  respective 
voltages  of  two  sources  of  e.m.f. ;  ip  t^,  ^,  /*,  etc.,  taps  or 
points  at  which  current  is  taken  from  the  line.  L  is  the  dis- 
tance apart  of  the  two  sources.  X  is  the  distance  over  which  the 
source  V^  will  feed,  and  L  —  X  the  distance  over  which  V,  'will 
feed.  Let  t^  represent  the  point  which  is  X  distance  from  V^ 
and  L-X  distance  from  V,.  Obviously  at  the  point  t,  the  vol- 
tage of  Vj  minus  the  drop  from  it  to  tx  =»  voltage  of  F,  minus 
drop  from  it  to  tx.  Assiune  d  as  the  distance  apart  of  the  taps ; 
r  as  the  resistance  of  the  circuit  from  one  tap  to  the  next 
succeeding  one,  and  a  as  the  number  of  amperes  taken  from 
the  line  per  tap. 

The  drop  then  from  V^  to  t^  represented  by  the  curve  V^  g  is 
equal  to  the  total  amperes  supplied  by  Vp  multiplied  by  the 
resistance  from  Ki  to  f  ^  or  drop  to  f  j  =  m  a  r.,  n  being  the  number 
of  taps  from  V^to  tx  and  n  a  the  total  current  flow  from  V^tot^, 

The  drop  from  /^  to  /j  is  equal  to  (n  —  1)  a  r  and  from  t^  to  t^  = 

(«  — 2)ar,  and  so  on,  the  last  drop  being  ^  ar.     The  total 

drop  from  V^  to  tx  is  the  sum  of  all  these.     Since  d  is  the  dis- 

X 
tance  apart  of  the  taps  -^  =  number  of    taps  from  V^  to  I, 

and  the  drop  from  l(i  to  tx   =  a  r-f-  2  a  r-f  3  a  r-f  -j  a  r.      This 

being  an  aritl.metical  progression  the  sum  is  equal  to  one-half 
the  sum  of  the  first  and  last  terms  multiplied  by  the  number  of 


terms;  that  is.  Dj 


2    W      d^) 
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D^  being  the  drop  from  V^  to  X 
Calling  Dj  the  drop  from  V,  to  A' 
Kj  -  Z),  =•  V.  -  Dj,  from  which 

Dj  =  -;^  J  (^    '    1  +  f  "-j-    1   f  this  being  derived  in  the  same 

way  as  was  the  value  of  D^, 
Substituting ; 

whence 

2  "^     ar{\-^L) 
If  the  distance  apart  of  the  taps  be  taken  as  unity,  say  one  foot; 
^  becomes  equal  to  one  and  disappears  from  the  numerator, 
and  since  d  is  negligible  compared  to  L,  it  may,  in  practice,  be 
omitted  and  the  formula  becomes 

2    ^     arL 
If  it  be  assumed  that  /,  coincides  with  some  tap  point,  which 
receives  one -half  its  current  from  Kj  and  the  other  half  from  V, 
and  a  «  amperes  per  tap,  the  drop  from  l^  is 

1  3a r        5  /X        l\ 


and  the  stmi 
Similarly : 


whence 


X  =^-^  -\ — ^r-2 and  if  dbe  taken  as  unity — say  one  foot 

2         a  r  L 
a  and  r  being  respectively  the  amperes  supplied    and  the  resis- 
tance of  the  circuit  per  foot  of  distance  between  the  two  sources 
of  e.m.f. 
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Discussion  on  Mr.  Lyndon's  Paper. 

J.  R.  Appleton: — The  value  of  a  battery  for  relieving  the 
strain  on  the  generators  with  fluctuating  loads  is  well  illustrated 
by  a  plant  at  Oakland,  California.  The  station  equipment  coin- 
prises  one  600-  and  one  850-kilowatt  generator;  without  the 
battery  it  was  essential  to  keep  a  man  at  the  throttle  of  each 
engine,  on  account  of  the  rapid  variations  of  load;  with  the  bat- 
tery, the  850-kilowatt  generator  maintains  the  load  between  700 
and  800  amperes  continually,  and  the  battery  supplies  current 
up  to  2,600  amperes;  that  is,  a  constant  load  is  kept  on  one 
generator,  and  the  other  generator  becomes  a  spare  unit. 

J.  L.  Woodbridge: — It  may  be  worth  while  to  point  out  that 
the  ftmction  of  a  batter>'  at  the  station  is  different  from  that 
at  the  end  of  a  feeder.  The  station  battery  will  keep  the  station 
load  constant  and  regulate  the  station  voltage ;  the  feeder  bat- 
tery will  not  hold  the  station  voltage  constant  to  any  material 
extent,  and  will  not  reduce  the  load  fluctuations  materially. 

W.  E.  Goldsborough: — ^The  introduction  of  a  storage-batter)' 
at  a  center  of  distribution  of  the  St.  Louis  Rapid  Transit  Com- 
pany's system  has  made  a  saving  in  copper  which  pays  for  the 
installation  of  the  battery  and  all  the  auxiliary  machinery  used 
in  connection  with  it. 

J.  W.  Lieb: — ^Though  not  immediately  germane  to  the 
paper,  it  may  be  worth  while  to  point  out  the  very  great  import- 
ance of  a  storage-battery  in  a  large  alternating  current  generating 
station  to  supply  field  excitation.  It  is  imperative  that  batteries 
should  be  installed  for  this  purpose  which  may  be  thrown  in- 
stantly on  the  field  circuit  to  take  the  place  of  the  other  exciters; 
for  this  purpose,  the  battery  capacity  should  be  large.  The 
speaker  has  made  a  test  on  a  large  plant  with  several  4500  kw. 
alternators  in  parallel,  throwing  out  the  motor-generator  ex- 
citers and  throwing  the  whole  exciter  equipment  on  the  batter\' ; 
there  were  practically  no  fluctuations  in  the  bus-bar  voltage. 
In  the  speaker's  opinion,  it  is  also  imperative  that  the  storage- 
battery  should  be  used  as  a  reserve  in  any  general  direct-current 
distribution  system  supplying  a  large  population  and  obtaining 
current  from  a  high-pressure  transmissoin  plant,  the  possible 
causes  of  interruption  to  service  are  so  niunerbus  that  such  a  sys- 
tem cannot  be  considered  safe  without  a  very  large  reserve  in 
battery. 

W.  W.  Donaldson: — A  battery  on  a  line  should  be  installed 
so  that  the  greatest  possible  amount  of  work  will  be  done  by  the 
battery  if  it  discharges  only  once  a  day,  it  is  not  doing  as  much 
work  as  it  should.  .This  question  of  amount  of  use  during  the 
day  should  be  given  consideration. 

W.  E.  Goldsborough: — A  battery  should  unquestionably  be 
adjusted  to  give  the  maximum  return  to  the  equipment  with 
which  it  is  connected.  A  battery  supplies  a  means  for  keeping 
all  the  apparatus  working  at  the  point  of  maximum  efficiency, 
from  the  central  station,  through  the  sub^stations,  and  on  to  the 
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line.  In  a  large  system,  the  small  loss  of  energy  in  the  battery  is 
unimportant  in  comparison  with  the  reduction  of  depreciation 
which  it  brings  about  in  all  other  parts  of  the  system. 

A.  S.  Hubbard: — In  a  railway  power-station,  the  average 
load  is  not  the  same  at  different  periods  of  the  day.  A  booster 
should  be  capable  of  adjustment  to  change  the  average  load 
suppUed  by  the  generator.  If  a  battery  is  proportioned  for  the 
daily  average,  it  will  be  far  larger  than  necessary  to  care  for  the 
momentary  peaks;  by  proportioning  the  booster  so  that  the 
average  load,  as  represented  by  the  generator  load,  can  be  raised 
or  lowered,  as  conditions  demand,  the  size  of  the  battery  may 
be  reduced.  A  similar  consideration  applies  to  the  floating  bat- 
tery when  the  car  schedule  is  changed ;  but  on  a  system  using  a 
constant-current  booster  in  a  power-station  with  a  separate 
feeder  to  the  battery,  a  change  of  schedule  can  be  cared  for  by 
changing  the  booster  output.  Further,  if  a  battery  is  operated' 
on  a  daily  average,  its  efficiency  is  far  less  than  if  operated  for 
<:omparatively  short  periods — say,  of  two  or  three  hours. 

Lamar  Lyndon: — ^The  various  points  presented  by  the  differ- 
-ent  speakers,  while  interesting,  do  not  seem  to  be  directly  ger- 
mane to  the  paper  in  hand.  There  is  therefore  nothing  to  be 
added  to  the  statements  of  the  paper. 


BRANCH  DISCUSSION. 
Discussion  on  Mr.  Lyndon's  Paper  at  Pittsburg,  December 

3,  1903. 

P.  L.  Flanders: — Mr.  Lyndon  says  that  a  battery  should  not 
be  worked  above  its  one  hour  rating,  and  even  then  only  for 
moderate  periods.  This  rating  was  established  by  the  largest 
battery  company  because  its  cells  cannot  be  used  safely  at 
greater  rates.  Batteries  of  the  Plants  type,  made  in  Germany, 
do,  however,  work  at  much  higher  rates.  The  following  test 
was  made  on  a  cell  of  this  type,  having  a  capacity  of  1000  am- 
pere-hours at  the  eight-hour  rate:  the  cell  was  discharged  at 
4000  amperes  for  30  seconds;  then  allowed  to  rest  for  20  sec- 
onds; then  discharged  at  from  400  to  500  amperes  for  five  min- 
utes; then  allowed  to  rest  for  10  seconds.  This  completed  a 
cycle,  which  was  immediately  repeated.  This  test  was  con- 
tinued day  and  night  for  six  days  of  the  week,  for  two  and  one- 
half  years,  and  at  the  conclusion,  no  depreciation  of  the  cell 
was  to  be  seen.  In  Germany  it  is  customary  to  work  at  much 
higher  discharge  rates  than  in  the  United  States,  but  only  for 
short  periods. 

The  200-ampere  Edison  cell  is  now  on  the  market.  For  the 
same  power,  this  cell  occupies  17%  more  space  than  a  lead  cell, 
but  for  the  same  weight  it  gives  40%  greater  output.  The 
pressure  of  the  Edison  cell  at  discharge  is  1.3  volts  at  first, 
falls  rapidly  to  1.25  volts,  and  after  reaching  1.1  volt  drops 
in  about  15  minutes,  to  0.7  volts,  and  five  minutes  after  falls 
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to  0.5  volts;  it  continues  at  this  for  some  time,  and  then  sud- 
denly goes  *'  down  and  out/'  'ih:  average  voltage  of  the  ce'^l 
is  1.2,  The  efficiency  of  the  Edison  cell,  worked  at  maximun: 
capacity,  is  about  35%.  but  with  careful  charging  and  dis- 
chargmg,  the  efficiency  may  nin  as  high  as  60  per  cent. 

The  principle  advantage  of  th^  Edison  cell  claimed  by  the 
makers  is  that  it  is  "  fool-proof;*'  it  may  be  left  in  any  condi- 
tion of  charge  without  damage;  it  may  be  charged  and  dis- 
charged at  any  rate.  As  no  life  tests  of  the  cell  have  been  pub- 
lished, the  endurance  under  this  treatment  cannot  be  stated. 
An  automobile  equipped  with  these  cells  is  guaranteed  to  run 
70  miles  on  one  charge,  but  about  20  hours  are  required  to  re- 
charge the  battery  to  obtain  so  great  an  output;  from  40  to  50 
miles  is  said  to  be  a  common  run. 

H.  Etheridge: — The  majority  of  transmission  lines  in  this 
territory  are  operated  with  the  differential  booster,  in  which  the 
line  current  passes  through  the  series  field  of  the  booster,  as 
shown  in  Fig.  15  of  Mr.  Lyndon's  paper. 

The  average  efficiency  obtained  from  our  storage-battery*  is 
approximately  85%,  possibly  slightly  higher.  In  some  cases 
where  the  transmission  line  has  failed,  the  battery  has  been 
placed  across  the  line  to  supply  the  service  until  the  line  could  be 
repaired  and  again  put  into  service ;  in  such  cases  the  efficiency 
probably  falls  to  60  per  cent.  We  have  verified  the  manxifac- 
turer's  guarantee  that  the  batteries  when  operating  tinder 
normal  conditions  would  exceed  85%  efficiency.  The  deteriora- 
tion of  some  of  the  positive  plates  of  the  cells  seems,  however. 
to  be  excessive.  In  some  cases,  those  which  have  not  been  ir. 
use  more  than  18  months  show  strong  signs  of  deterioration. 
The  negative  plates  seem  normal.  The  positive  plates  showin^^ 
signs  of  deterioration  are  in  cells  that  were  short-circuited  b> 
allowing  small  globules  of  solder  to  fall  between  the  plates 
during  process  of  **  burning  "  the  plates. 

We  get  very  satisfactory  conditions  in  operating  our  batter 
and  differential  booster.  In  the  operation  of  batteries  we  d« 
not  find  that  they  require  excessive  attention.  The  scaling  t^ 
of  small  matter,  the  renewing  of  the  electrolyte  is  easily  accon.- 
plished;  specific  gravities  and  temperatures  are  taken  even 
day  and  we  are  thereby  enabled  to  detect  a  cell  that  may  be 
short  circuited  by  scaling.  The  life  of  these  cells  depends  ver}' 
lare^elv  upon  the  way  in  which  they  are  treated;  under  average 
conditions  it  is  safe  to  allow  lO^^v  depreciation  for  the  positive 
plate.  The  cell,  ne^^ative  plate,  and  the  electrolyte  are  of  course 
good  for  a  much  longer  period. 
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OVERHEAD  HIGH-TENSION  DISTRIBUTING  SYSTEMS 
IN  SUBURBAN  DISTRICTS. 


BY    GEORGE    H.    LUKES. 


The  problem  of  building  up  and  operating  a  satisfactory  dis- 
tributing system  for  the  suburban  towns  and  villages  surround- 
ing a  large  city  presents  many  peculiar  difficulties.  The  problem 
is  more  often  to  reconstruct  an  existing  system,  making  use  of 
as  much  of  the  old  work  as  possible  and  at  the  same  time  making 
provision  for  future  growth.  Obstacles  are  usually  encountered 
in  the  work.  Many  different  interests  have  to  be  satisfied,  and 
in  some  cases  the  engineer  is  compelled  to  use  construction  which 
is  not  desirable,  but  is  necessary  under  the  circumstances.  It  is 
seldom  that  the  engineer  is  given  the  opportunity  to  lay  out  a 
complete  system  which  can  be  operated  economically  and  safely' 
with  a  reasonably  low  first  cost. 

The  villages  surrounding  a  large  manufacturing  city  are  of 
several  different  types.  The  oldest  ones  are  located  on  the  lines 
of  steam  railways  radiating  from  the  city,  and  are  residential  in 
character.  As  transportation  facilities  are  improved  new 
suburbs  are  started  at  greater  distances  from  the  city.  The 
older  ones  become  more  thickly  settled  and  even  grow  to  be 
cities  themselves.  Some  of  the  villages  are  made  up  of  people 
of  moderate  means,  whose  houses  are  fairly  close  together. 
Others  are  built  up  by  wealthy  people  who  buy  tracts  of  land 
and  build  large  houses,  which  they  occupy  but  four  or  five 
months  in  the  year.  Later  on,  the  manufacturing  suburb 
makes  its  appearance,  consisting  of  a  group  of  factories  and  a 
small  business  district  surrounded  by  the  houses  of  the  workmen. 

In  the  process  of  time,  electric  lighting  plants  are  erected  in 
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the  larger  villages  and  their  pole  lines  are  extended  to  the 
smaller  villages  near  by  to  supply  incandescent  and  street 
lamps.  A  large  proportion  of  these  small  plants  cannot  be 
operated  at  a  profit,  and  the  result  is  a  gradual  deterioration  in 
the  stations  and  distributing  systems,  resulting  finally  in  con- 
solidations which  bring  large  districts  under  the  control  of  one 
company.  It  then  becomes  necessary  to  tie  the  various  systems 
together,  operating  some  of  the  stations  as  peak-plants  and 
turning  others  into  sub-stations,  thus  taking  advantage  of  the 
fact  that  the  peak  may  occur  in  the  simxmer  in  one  village  and  in 
winter  in  another. 

Suburban  business  is  so  scattered  that  the  cost  of  under- 
ground work  is  prohibitive  and  the  distribution  must  be  made 
by  overhead  wires.  Public  opinion  is,  however,  intense  in  its 
opposition  to  overhead  construction.  The  suburbanite  objects 
to  the  multiplicity  and  unsightliness  of  the  pole  lines.  He  is  in 
business  in  the  city  where  the  agitation  against  overhead  wires 
has  resulted  in  their  being  placed  underground,  and  he  refuses 
to  believe  that  conditions  are  different  in  the  country.  In  many 
communities  local  action  has  been  taken  compelling  the  use  of 
joint  lines  by  the  electric  light  and  telephone  companies.  These 
have  been  erected  and  operated  successfully  in  many  cases  with- 
out any  great  danger.  Joint  lines  should  be  avoided  if  possible, 
and  it  is  important  that  every  effort  be  made  to  make  the  pole 
lines  unobtrusive.  The  poles  should  be  well  painted  with  a  dull 
color,  such  as  a  dark  olive-green,  the  wires  kept  taut  and  the 
connections  made  in  a  neat  and  symmetrical  manner. 

An  overhead  distributing  system  must  be  constructed  so  that 
the  service  will  be  reliable  and  not  subject  to  frequent  interrup- 
tions. The  voltage  regulation  must  be  as  good  as  possible,  and 
danger  to  life  and  fire  risk  reduced  to  a  minimum.  This  can  be 
accomplished  without  adopting  an  extremely  expensive  method 
of  construction.  The  great  proportion  of  accidents  and  inter- 
ruptions are  caused  by  defects  which  are  very  easily  guarded 
against,  provided  they  are  looked  for.  It  is  not  the  intention 
here  to  lay  down  rules  for  the  construction  of  pole  lines,  but  to 
draw  attention  to  certain  points  which  experience  has  shown  to 
be  often  neglected. 

Main  Lines  and  Branch  Circuits. — Main  lines  leading  from 
stations  should  be  on  not  less  than  40-foot,  and  preferably  on 
45-foot  poles.  This  gives  plenty  of  room  for  additional  circuits 
and  makes  it  easier  to  cross  above  telephone  and  telegraph  lines. 
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The  branch  circuits  can  be  on  shorter  poles,  but  it  is  not  advisable 
to  use  poles  shorter  than  30  feet.  Where  branch  lines  are  taken 
off,  the  poles  should  be  double-armed  and  buck-armed.  Trans- 
formers, fuses,  lightning-arresters  and  other  devices  should  not 
be  installed  on  main  lines  where  it  can  be  avoided. 

Poles, — In  the  middle  West,  the  poles  available  at  present  are 
Michigan  white  cedar  and  Idaho  cedar.  Michigan  poles  are 
better  proportioned  than  western  poles  and  are  longer  lived. 
Michigan  poles  should  have  a  top  diameter  of  not  less  than  seven 
inches.  If  western  poles  are  used,  eight  or  nine  inch  tops  should 
be  specified  in  order  to  obtain  proper  butt  diameter.  Michigan 
poles  are  sorted  and  sold  under  the  specifications  of  the  North- 
western Cedarman*s  Association  and  it  is  therefore  cheaper  to 
buy  under  the  above  specifications  and  sort  out  to  suit.  Poles 
should  be  shaved,  roofed,  and  given  one  coat  of  paint  in  the  yard. 
Poles  are  painted  in  order  to  improve  their  appearance,  but  the 
question  of  whether  or  not  it  adds  to  the  life  of  the  pole  is  an  open 
one.  In  setting,  particular  care  must  be  taken  to  select  the  best 
poles  for  the  comers,  turns,  and  ends  of  the  line.  If  the  line  is  On 
a  highway  that  curves,  set  as  many  poles  in  a  straight  line  as 
possible  and  make  the  turns  on  one  or  two  poles,  which  can  then 
be  properly  guyed.  A  line  that  changes  its  direction  at  every 
pole  can  never  be  held  in  position.  Poles  should  be  double- 
armed  at  comers,  curves,  and  ends. 

Guying. — ^This  is  one  of  the  most  important  features  in  pole- 
line  construction  and  is  often  neglected.  Corners,  junctions, 
and  ends  should  be  carefully  guyed.  Wherever  the  line  changes 
in  direction,  even  if  the  change  is  very  slight,  a  guy  should  be 
placed.  Patent  guys  and  land-anchors  should  be  used  with 
great  caution  and  only  on  light  work.  The  best  guy  is  the  old- 
fashioned  one  consisting  of  a  guy-stub,  set  at  some  distance  from 
the  pole  with  a  galvanized-iron  anchor  rod-bolted  to  a  slug 
buried  in  the  ground.  Strain  insulators  should  be  inserted  in 
the  guy-wire  and  care  be  taken  to  make  sure  that  the  anchor-rod 
and  guy-wire  attached  to  it  are  grounded  electrically. 

Cross-arms. — The  best  cross-arms  at  present  are  made  of 
southern  yellow  pine.  They  should  be  straight-grained,  well- 
seasoned,  free  from  knots,  and  purchased  unpainted.  They  are 
the  first  part  of  the  hne  to  give  out.  The  action  of  the  sun's  rays 
causes  the  arms  to  crack  on  top  and  they  soon  rot  around  the 
pin-holes.  The  usual  method  of  treating  is  to  paint  them  with 
white  lead  and  oil,  but  in  the  West  cross-arms  boiled  in  carbol- 
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ineum  have  been  used  to  some  extent.  The  matter  of  the  proper 
dimensions  and  pin-spacing  for  cross-arms  has  not  received  the 
attention  it  should,  and  it  is  high  time  that  an  attempt  be  made 
to  standardize  4-,  6-  and  8-pin  arms  for  use  on  circuits  up  to  5,000 
volts.  The  proper  6-pin  arm  for  such  use  should  have  approxi- 
mately the  following  dimensions:  section,  3 J  inches  by  4^  inches; 
length,  8  feet;  spacing,  between  pins  about  16  inches,  between 
pole-pin  about  22  inches.  Cross-arms  for  junction-holes  should 
be  of  special  size  with  greater  distance  between  pins. 

Insulators, — ^The  ordinary  deep-groove,  double-petticoat  insu- 
lator has  proved  satisfactory  on  2, 000- volt  incandescent  and 
4,000-volt  arc  circuits.  It  is  perhaps  advisable  to  use  triple- 
petticoat  insulators  on  4,000-volt  polyphase  work. 

Fuse-blocks  and  lightning-arresters  are  sources  of  trouble  on 
pole  lines.  In  some  instances  systems  have  been  operated 
entirely  without  fuse-blocks  on  the  outside  lines  excepting,  of 
course,  the  transformer  blocks.  The  best  plan  is  to  install  them 
on  branch  lines  where  there  is  a  chance  for  trouble.  Lightning- 
arresters  should  be  installed  to  protect  groups  of  transformers 
and  branch  lines.  They  should  be  frequently  inspected  and  the 
ground-wires  tested. 

Transformers  should  be  hung  on  double-arms  below  the  lowest 
arm.  If  they  are  of  large  size  the  arms  should  be  extra  heavy 
and  bolted  securely  to  the  pole.  Methods  of  bringing  the 
primary  wires  down  from  the  circuit  to  the  transformer  are  vari- 
ous and  all  are  open  to  objections. 

It  is  usually  impossible  to  keep  a  regular  arrangement  of  cir- 
cuits upon  cross-arms  for  the  reason  that  as  the  business  grows 
circuits  of  all  kinds  are  added.  It  is  very  desirable,  however, 
that  circuits  be  kept  in  the  same  relative  position  throughout 
their  length  in  order  to  facilitate  tracing.  Houses  should  be,  as 
far  as  possible,  grouped  upon  three-wire  secondaries  which 
should  be  carried  alone  on  the  lower  arm.  The  installation  of 
200-400  volt,  three-wire  secondaries  would  facilitate  this  work 
wonderfully  in  scattered  districts.  The  neutrals  of  three-wire 
secondaries  should  be  grounded  on  the  first  pole  away  from  the 
transfo  mer. 

All  series  alternating  arc  lamps  should  be  provided  with  abso- 
lute cut-outs  and  high-voltage  insulators  in  the  lowering  cable. 
Windlasses  for  raising  and  lowering  lamps  should  be  perma- 
nently grounded  and  an  arc  lamp  when  suspended  from  span- 
wires  should  be  connected  so  that  should  it  fall,  the  lamp  will 
not  fall  toward  the  windlass  but  away  from  it. 
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The  importance  of  frequent  inspections  of  pole  lines  cannot  be 
overestimated  Old  pole  lines  can  be  made  very  reliable,  pro- 
vided they  are  well  guyed  and  weak  points  kept  in  repair.  For 
inspection  work,  linemen  of  considerable  experience  are  needed, 
because  only  long  years  spent  in  repair  work  gives  the  ability  to 
predict  wher  j  trouble  is  likely  to  occur. 

Accidents  caused  by  overhead  wires  are  remarkably  infre- 
quent, considering  the  number  of  miles  of  pole  lines  operated. 
They  occur  most  often  to  electric-light  linemen,  less  often  ta 
telephone  linemen  and  very  rarely  to  citizens.  Accidents  to 
linemen  can  largely  be  prevented  by  employing  on  live  work  only 
steady  and  tried  men,  and  using  the  inexper  enced  men  and 
floating  linemen  on  new  construction  work.  Accidents  to  tele- 
phone linemen  are  mostly  the  result  of  want  of  care  on  the  part 
of  the  men  themselves.  Accidents  to  citizens  can  be  reduced  to 
a  minimum  by  care  in  constructing  and  maintaining  lines. 

The  danger  from  fire  is  in  the  posibility  of  high-voltage 
current  reaching  buildings;  first,  through  defective  transformers, 
and  secondly,  through  crosses  between  primaries  and  telephone 
wires.  The  first  can  be  eliminated  by  grounding  the  secondary ; 
the  second  can  be  made  remote  by  proper  cooperation  between 
electric  light  and  telephone  companies  in  the  erection  of  junction 
poles  and  substantial  construction  at  crossings;  the  danger 
from  fire  is  somewhat  overestimated  and  it  is  to  be  sincerely 
hoped  that  any  restrictive  regulations  will  not  only  be  carefully 
considered  before  final  action  is  taken,  but  worked  out  in  actual 
practice  to  determine  whether  or  not  their  enforcement  wou  d 
introduce  risks  which  would  more  than  offset  any  advantage 
gained. 
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AUTOMATIC    APPARATUS    FOR    REGULATING 
GENERATOR  AND   FEEDER  POTENTIALS. 


BY    E.    J.    BECHTEL 


Since  the  introduction  of  electricity  as  a  source  of  illumination » 
one  of  the  most  important  problems  has  been  that  of  potential 
regulation;  for  the  efficiency  of  the  conversion  of  electricity  into 
light  depends  greatly  upon  the  maintenance  of  a  constant  poten- 
tial at  the  lamp  terminals.  For  instance,  a  system  having  a  po- 
tential regulation  of  two  per  cent  can  profitably  use  incandescent 
lamps  which  consume  3.1  watti  per  mean  horizontal  candle- 
power,  based  on  the  oval-filament  type  of  present  quality,  while  a 
poorer  regulation-factor  would  require  the  use  of  lamps  consum- 
ing from  3.5  to  4  watts  per  candle-power,  representing  a  sacrifice 
of  from  12.5  to  30  pe;  cent  in  conversion  efficiency. 

The  potential  of  a  shunt-wound  generator  drops  very  materi- 
ally as  the  load  increases.  To  overcome  this  drop,  compound- 
wind  ng  of  generators  was  introduced,  being  a  step  towards 
automate  potential  regulation;  but  this  only  compensates  for 
the  inherent  loss  in  the  generator  itself  and  is  not  capable  of 
regulation  for  speed-losses  nor  for  variations  due  to  outside 
causes.  Thus,*  if  it  is  desired  to  maintain  a  constant  potential 
at  the  switchboard  or  center  of  distribution  under  changes  of  any 
or  all  conditions,  an  external  automatic  potential  regulator  must 
be  used. 

There  are  a  number  of  types  of  automatic  generator  potential 
regulators  using  different  mc  hods  to  accomplish  the  result. 
One  type,  the  connections  of  wliich  are  shown  in  Fig.  1,  has  been 
in  u  e  in  our  station  for  the  past  four  years  on  g  nera  ors  up  to 
250-kilowatt  capacity  operating  under  extreme  conditions.     This 
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regulator  has  given  excellent  service  in  alternating-current  work, 
as  wil.  be  seen  by  examining  the  curve  on  a  section  of  recording- 
voltmeter  chart  shown  in  Fig.  2.  This  line  was  made  by  a  150- 
kilowatt,  60-cycle,  alternating-current  generator,  supplying  cur- 
rent for  the  daylight  incandescent  load  and  operated  from  a 
jack-shaft  driven  by  an  engine  which  also  operates  a  direct-con- 
nected 500-kilowatt,  500-volt,  direct-current  generator,  supplying 
current  for  he  street  railway  system.  The  larger  part  of  the 
engine-load  being  very  irregular,  and  the  engine-governor  not  of 
the  best,  there  are  sudden  fluctuations  in  speed,  as  showp  by  the 
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section  of  curve  from  a  continuous-sped  recorder  in  Fig.  3. 
Each  vertical  section  of  the  record  has  a  value  of  20  seconds,  or 
three  sections  per  minute.  Each  horizontal  section  has  a  va  ue 
of  three  per  cent  in  speed  variation,  or  two  cycles  in  the  fre- 
quency of  the  generator.  The  variation  of  speed  shown  would 
not  be  advisable  on  inductive  loads,  but  serves  to  show  the 
efficiency  of  regulators  under  severe  conditions. 

This  type  of  regulator,  while  very'  satisfactory  as  a  g  nerator 
potential  r  gulator,  and  perhaps  sufficient  under  favorable  line 
and  load  conditions  in  small  stations,  does  not  correct  the  poten- 
tial for  variation  in  power-factor  nor  relative  changes  in  the  load 
on  different  feeders. 
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The  system  was  adopted  while  our  alternating  load  was  com- 
paratively small  and  operated  from  single-phase  generators. 
With  the  intention  of  operating  three-phase  power  circuits,  we 
replaced  the  small  single-phase  generators  with  larger  ones  of 
three-phase  4,000-volt,  four-wire  type,  the  armature  being  star- 
connected  with  neutral  connection  brought  out. 

The  2,300-volt,  single-phase  lighting  circuits  are  connected  to 
the  different  phases  and  neutral,  balanced  as  nearly  as  possible 
between  the  different  phases  in  regard  to  load  conditions.  Even 
with  extreme  care,  a  perfect  balance  cannot  be  maintained  on 


Pio.  2. 

account  of  variations  of  load  at  different  times  on  the  individual 
circuits.  To  overcome  this,  we  have  ordered  nine  automatic 
feeder  potential  regulators  of  the  boosting  transformer  type, 
having  the  secondary  winding  in  series  with  the  circuit  and 
divided  into  small  sections  which  are  capable  of  being  auto- 
matically cut  in  or  out,  step  by  step,  as  the  conditions  require,  to 
maintain  a  desired  voltage  at  the  individual  feeder  terminals. 

These  regulators  are  to  have  necessary  capacity  to  maintain  a 
pressure  of  ten  volts  (200  volts  primary)  above  or  below  that  of 
the  bus-bars.  The  installation  of  this  apparatus  has  been 
delayed  by  the  manufacturer  on  account  of  trouble  experienced 
from  pitting  or  burning  of  the  contacts.     I  am  sorry  I  am  not 
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able  to  show  results  of  tests  on  this  apparatus  and  describe  its 
action  under  practical  conditions,  as  I  had  intended  to  do. 

Feeder  potential  regulators  are  not  advisable  for  use  on  direct- 
current  systems  on  account  of  it  being  necessary  to  use  batteries^ 
rotary-boosters,  or  dead  resistance  in  series  with  the  different 
feeders — any  one  of  these  being  a  most  inefficient  arrangement. 

However,  this  problem  is  not  so  serious,  as  the  entire  system 
can  be  formed  into  a  network  and  operated  as  one  unit.  Good 
distribution  and  regulation  can  be  obtained  by  the  use  of  a  sys- 
tem of  interconnected  mains,  tied  together  wherever  possible 
with  feeders  from  high  and  low  bus-bars  to  determined  points^ 
and  by  use  of  main  storage-batteries. 

The  automatic  generator  potential  regulator  first  described  as 
being  satisfactory  on  alternating-current  work,  was  not  satis- 


factory on  a  direct-current,  three-wire  system.  We  installed  two 
of  these  regulators  on  a  pair  of  200-kilowatt  generators  for  the 
purpose  of  steadying  the  potential  of  a  three-wire  system  of  about 
2,000  kilowatts  at  peak -load;  but  they  are  not  capable  of  doing 
this,  nor  even  capable  of  maintaining  a  potential  regulation  of 
less  than  from  2  to  4  per  cent  while  operating  on  a  separate  load. 
The  greatest  fault  is  the  tendency  to  surge  or  pump  (even  with  a 
properly  adjusted  oil-cushion),  probably  on  account  of  the 
greater  sluggishness  or  time  required  to  increase  or  decrease  the 
magnetic  density  of  the  solid  field-poles  of  the  direct-current 
generator,  as  against  the  laminated  field-poles  of  the  alternator. 
I  believe,  however,  that  a  later  regulator  now  on  the  market  is 
capable  of  maintaining  a  uniform  potential  under  these  condi- 
tions, being  quicker  in  its  action;  as,  instead  of  cutting  small 
steps  of  resistance,  step  by  step,  in  or  out  of  the  field-circuit,  it 
cuts  a  larpe  resistance  instantaneously  in  or  out  of  the  field- 
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circuit,  and  reverses  the  operation  when  the  potential  rises  or 
falls  above  or  below  the  normal,  repeating  this  performance  as 
often  as  required.  On  large  generators  this  regulator  operates 
upon  the  fields  of  the  exciter  instead  of  on  the  fields  of  the  main 
generators. 

We  have  now  under  consideration  the  installation  of  25-cycle 
alternating-current  generators  of  large  units,  to  operate  syn- 
chronous converters  for  both  the  street  railway  and  the  direct- 
current  lighting  systems.  This  is  more  complex  than  the  first 
condition,  as  the  sudden  variations  of  the  railway  load  will  have 
its  influence  upon  the  regulation  of  the  generator  as  well  as  on 
the  speed  of  the  prime  mover.  We  hope,  however,  to  find  a 
regulator  which  will  maintain  an  even  voltage  at  the  generator 
terminals  under  these  conditions,  and  allow  us  to  operate  shimt- 
wound  synchronous  converters  from  them  and  in  multiple  with 
our  present  shunt-wound  generators  on  the  direct-current  light- 
ing system;  also  to  operate  synchronous  converters  from  the 
same  units  and  in  multiple  with  our  present  compound-wound  ^ 
direct-current  generators  on  the  railway  system,  by  means  of 
series  inductance  and  compound  winding  on  the  rotary  fields. 
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SAFEGUARDS  AND  REGULATIONS  IN  OPERATION  OP 
OVERHEAD  DISTRIBUTING  SYSTEMS. 

BY  W.  C.  L.  BGLIN. 

The  distributing  system  may  be  considered  an  integral  part 
of  a  power-plant  and  should  receive  as  careful  attention  as  the 
steam-plant,  the  hydraulic-plant,  or  the  electrical-plant  in  the 
generating  station  or  sub-station.  In  fact,  the  distributing 
system  has  to  meet  more  severe  conditions  than  any  other  part 
of  the  entire  plant,  and  the  safety  and  reliability  of  the  service 
•depend  largely  upon  the  care  given  to  the  plant  and  the  selection 
of  material  for  it. 

An  overhead  distributing  system  is  subject  to  extreme  changes 
of  temperature,  extraordinary  storms,  interference  from  other 
lines,  interference  by  building  operations,  excavations,  fires  and 
other  casualties,  and  sometimes  a  wilful  interference  by  the 
public  (not  to  overlook  the  small  boy  with  a  stone.)  All  these 
varying  conditions  must  be  considered  in  the  construction  of  the 
line.  There  are  two  classes  of  conditions:  first,  the  mechanical 
or  structural; and,  secondly,  the  electrical  features. 

The  first  group  will  include  the  study  of  the  territory  in  which 
the  line  is  to  be  run:  width  of  streets,  kind  of  buildings,  height 
of  buildings;  other  distributing  systems,  possibilities  of  inter- 
ference with  these  systems;  amount  of  power  to  be  transmitted, 
and  whether  the  system  consists  of  a  simple  power-transmission 
circuit,  or  one  complicated  with  distributing  mains  covering  the 
larger  part  of  the  territory  occupied  by  the  transmission  system. 

Also  to  be  considered  are  the  weather  conditions:  wind -storms, 
rain-storms,  sleet-storms,  snow-storms,  lightning-storms,  and 
changes  in  temperature.     The  method  of  erecting  the  conductors 
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SO  that  they  can  be  properly  repaired  or  additions  be  made  with- 
out endangering  the  lives  of  the  men  engaged  in  this  work  mtist 
be  carefully  planned.  Unless  these  various  points  are  considered 
in  the  construction  of  the  lines,  no  rules  or  safeguards  for  their 
operation  will  be  of  material  benefit. 

The  second  group  includes  the  electrical  requirements:  the 
conductors,  the  insulating  method  of  support,  and  the  means  pro- 
vided to  take  care  of  any  undue  disturbances  due  to  lightning  or 
other  causes  on  the  line,  such  as  lightning-arresters,  fuses» 
switches,  etc. 

Specifications  for  Material  to  be  Used. 

All  of  the  material  entering  into  the  construction  of  a  trans- 
mission system  should  be  ordered  under  specifications  which 
should  state  clearly  the  kind  of  material  to  be  used,  and  the 
nature  of  the  tests  to  which  all  materials  are  to  be  subjected. 

The  more  general  requirements  are  as  follows: 

Poies. — Poles  should  be  as  short  as  possible  to  meet  the  condi- 
tions and  preferably  made  of  good  sound  chestnut.  Southern 
cedar  or  pine  poles  are  sometimes  used  when  chestnut  is  not 
obtainable.  It  may  also  be  necessary  to  use  iron  poles  under  cer- 
tain conditions.  Iron  poles  are  to  be  avoided,  however,  principally 
on  account  of  danger  to  linemen  and  also  to  the  short  life  of  the 
pole,  due  to  rusting.  The  wooden  pole  should  be  roofed  at  the 
top  to  form  a  right  angle,  and  gained  to  form  a  flat  of  about 
five  inches  for  attaching  the  cross-arms. 

All  poles,  upon  which  are  located  devices  requiring  regular 
inspection,  should  be  provided  with  steps  in  order  to  facilitate 
this  work.  Spacing  of  the  poles  should  be  carefully  considered 
and  should  not  exceed  from  40  to  45  yards.  End-  and  comer- 
poles  should  be  braced,  and  at  least  every  tenth  pole  throughout 
the  line  should  be  guyed  with  J  or  J  inch  stranded  galvanized  vtnre. 
Regular  inspections,  at  least  yearly,  should  be  made  of  the 
condition  of  the  poles ;  this  condition  is  most  readily  determined 
by  examination  at  the  base  of  the  pole.  When  poles  are  used  as 
junction-poles,  that  is,  when  lines  are  run  at  right  angles  and 
attached  to  the  same  pole,  special  care  is  necessary.  A  separate 
drawing  should  be  made  of  all  such  poles,  showing  the  arrange- 
ment of  the  wires — keeping  in  mind  the  simplest  possible  arrange- 
ment— as  a  protection  for  the  men  who  climb  these  poles. 
Switch-boxes,  fuses,  lightning-arresters  or  transformers  should 
not  be  attached  to  such  poles,  but  on  the  first  pole  removed  from 
this  junction-pole.     Junction-poles  can  frequently  be  avoided 
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by  the  use  of  two  poles  making  a  Y  connection  of  the  line. 
By  this  arrangement  the  connections  are  very  materially  simpli- 
fied. 

Cross-arms. — Cross-arms  should  be  spaced  at  least  24  inches 
between  centres,  the  top  of  the  first  arm  being  one  foot  from  the 
top  of  the  pole. 

Braces. — Braces  should  be  made  of  galvanized  iron  not  less 
than  li  X  3/16  inch  thick  and  about  28  inches  long. 

Pins. — Pins  made  of  locust  wood  well-boiled  in  linseed  oil  are 
preferable  for  voltages  of  5,000  volts  and  under;  for  higher 
voltages  pins  should  receive  special  consideration. 

Insulators. — The  insulator  on  the  pole  line  fulfils  two  functions ; 
namely,  the  mechanical  support  of  the  line,  and  the  insulation. 
As  these  conditions  vary  over  a  wide  range,  they  must  be  con- 
sidered for  each  condition.  This  is  especially  so  for  voltages  of 
10,000  volts  and  over.  The  two  materials  of  which  insulators 
are  usually  made  are  glass  and  porcelain.  The  glass  insulator 
is  more  uniform  in  quality  of  material  than  the  porcelain,  so  that 
for  lower  voltages  glass  insulators  are  recommended.  Fcr 
higher  voltages,  porcelain  insulators  are  preferred  for  the  follow- 
ing reasons:  greater  mechanical  strength,  better  insulating 
'  ualities,  and  greater  ability  to  withstand  severe  weather  condi- 
tions. 

Insulators  for  high  voltages  should  be  made  up  of  a  number  of 
insulators  cemented  together  so  as  to  obtain  more  uniform 
insulation  and  to  increase  the  factor  of  safety  from  defective 
manufacture.  Before  being  used,  each  insulator  for  high-tension 
work  should  be  tested  at  voltages  in  excess  of  the  operating 
voltage. 

The  method  of  attaching  the  conductor  to  the  insulator  should 
be  carefully  considered;  first,  to  see  that  the  wires  can  be 
properly  fastened  to  the  insulator;  secondly,  to  see  that  the 
strain  is  transmitted  without  a  twisting  or  bending  strain  in  the 
insulator.     The  only  strain  permitted  should  be  in  compression. 

The  method  of  distributing  the  wires  on  the  pole  lines  depends 
on  the  number  and  character  of  the  various  circtiits  to  be  in- 
stalled. For  all  voltages  below  6,000  volts,  the  wire  should 
be  brought  out  of  the  station  through  long  porcelain  tubes, 
properly  supported ;  the  various  circuits  being  grouped  together 
but  well  spaced,  and  preferably  being  distributed  in  a  single,  or 
not  more  than  a  double  row  of  wires.  This  fan  effect  allows  the 
circtiit  to  be  distributed  to  the  poles  without  any  undue  bunching, 
thus  making  each  circtiit  easily  distinguishable. 
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The  top  gain  of  all  poles  should  be  left  vacant  so  that  g^uaxd- 
wires  can  be  placed  at  any  point  on  the  line,  should  they  be 
required.  The  transmission  circuits  which  are  alive  twenty-four 
hours  per  day  should  be  placed  on  the  top  arm;  that  is,  the 
trunk-lines  should  occupy  the  position  where  there  will  be  the 
least  liability  of  coming  in  contact  with  the  other  wires  or  ^th 
the  men  working  on  the  poles.  All  other  circuits  should  be 
placed  below,  series  arc-circuits  occupying  the  lower  arms,  the 
distributing  series  circuit  being  placed  on  the  house  side  of  the 
lower  arms  on  outer  pin  occupied  by  such  circuits.  The  bottom 
cross-arm  should  be  used  for  such  secondary  circuits  or  lo^r- 
tension  lines  as  may  be  required.  Space  should  always  be  pro- 
vided for  an  extra  arm  on  the  pole  for  the  erection  of  a  trans- 
former. Protective  devices  for  each  circuit  may  be  classified  as 
follow:;:  circuit-breaker,  fuses  for  branch-circuits,  and  lightniiig- 
arresters.  Also  indicating  instruments  as  follows:  voltmeter^ 
ammeter  or  wattmeter,  and  ground-detectors. 

In  the  arrangement  of  the  protective  devices,  it  is  desirable 
to  locate  as  many  of  these  as  possible  in  the  station  or  sub-station» 
for  the  reason  that  they  are  more  readily  inspected  and  kept  in 
perfect  working  order,  which  insures  the  fulfilling  of  their  func- 
tions when  required.  All  circuits  of  200-kw  capacity  or  over 
should  be  protected  by  means  of  oil  circuit-breakers  in  preference 
to  fuses,  on  all  voltages  over  1,000  volts.  These  circuit-breakers 
should  be  attached  to  both  ends  of  the  line,  when  two  or  more 
feeders  are  used,  and  connected  to  the  same  bus ;  and  there  should 
be  no  other  circuit  -breaker  or  fuses  which  are  automatic  in  action 
placed  at  any  other  part  of  the  line.  Small  branch-circuits  may 
be  taken  care  of  when  necessary  by  fuse-boxes,  placed  ui>on  the 
first  pole  of  the  branch-circuit.  These  fuse-boxes,  however, 
should  be  avoided  whenever  possible.  This  can  be  accomplished 
by  making  a  branch-circtiit  about  the  same  as  the  main-circuit» 
depending  entirely  upon  the  circuit-breaker  in  the  station  to 
protect  both  lines.  When  small  branch-circtiits  are  desired, 
place  such  fuse-boxes.  These  preferably  should  be  an  enclosed 
fuse  of  the  cartridge-type  mounted  on  a  porcelain  base,  the  whole 
enclosed  in  a  fireproof  and  waterproof  compartment.  This  is 
usually  an  iron  box  with  a  cover  and  rubber  gasket,  clamped  so 
as  to  make  it  water-tight. 

Lightning- Arresters. — Lightning-arresters  should  be  installed 
at  both  ends  of  the  line,  in  the  station  and  sub-station,  on  each 
conductor.     Special  care  should  be  used  in  their  installation,  and 
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provision  made  that  in  the  event  of  a  breakdown  of  the  lightning- 
arrester,  current  may  be  interrupted  by  means  of  a  circuit- 
breaking  device. 

Series  Arc  Loop  Cut-outs. — These  should  consist  of  a  mechani- 
cally operated  switch  which  closes  the  circuit  at  the  point  of  the 
loop  and  disconnects  the  loop  from  the  main  line.  For  the  use  of 
constant-potential  circtiits,  there  may  be  either  a  fuse-box  pro- 
vided with  solid  catches  or  fuses  depending  on  the  conditions. 
All  of  these  devices  being  enclosed  in  fire  and  waterproof  cases. 

Before  considering  the  actions  of  the  safety-devices,  it  is 
necessary:  first,  to  examine  the  faults  which  may  develop  and 
the  functions  which  the  safety -devices  are  required  to  fulfil.  If 
the  condition  of  a  wire  parting  is  first  considered,  we  have  first 
the  liability  of  the  wire  coming  in  contact  with  some  of  the  other 
circuits;  secondly,  its  liability  to  fall  into  the  street,  and  thirdly » 
its  remaining  suspended  clear  of  all  circuits  and  the  ground. 

The  first  condition:  the  effect  of  coming  in  contact  with  other 
wires,  would  immediately  raise  the  voltage  to  the  more  powerful 
of  the  two  circuits,  so  it  is  evident  that  the  insulation  of  the  other 
circuit  must  either  be  as  good  or  there  will  be  a  liability  of  the 
insulation  breaking  down  at  some  point  on  the  weaker  circuit. 
This  will  first  be  detected  at  the  station  by  showing  that  the  load 
is  dropped  from  this  circuit ;  and  it  demonstrates  that  the  insula- 
tion of  all  circtiits  must  be  the  same  when  placed  on  the  same 
pole-line,  unless  means  are  provided  to  take  off  extraordinary 
high  voltages.  This  can  be  done  by  placing  spark-gaps,  which 
will  reUeve  the  high-tension  from  any  low-tension  circuits,  or  by 
grounding  a  point  on  the  lower-tension  circuits. 

Wires  falling  on  the  ground  will  indicate  immediately  in  the 
station,  on  the  ground-detector,  that  there  is  a  ground  on  that 
circuit ;  and  instructions  should  be  given  that  as  soon  as  a  ground 
shows  on  the  circuit  and  the  circiiit  is  not  carrying  the  load,  to 
disconnect  it. 

The  third  condition  will  indicate  in  the  station  that  the  load 
is  dropped  and  will  not  show  a  ground.  The  circuit  should  be 
cut  off  in  this  case  also,  and  inspectors  sent  out  to  look  after  the 
trouble. 

Fourthly;  if  a  wire  breaks  and  falls,  crossing  other  wires  of  the 
same  circtiit,  this  will  cause  a  rush  of  current  on  constant- 
potential  circuit  and  immediately  open  the  circuit-breaker.  In 
the  series  arc-circuit  it  will  cut  out  a  portion  of  the  circuit  which 
will  be  indicated  on  the  voltmeter,  showing  the  necessity  of 
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regular  voltmeter  readings  on  such  circuits. 

Interference  with  Other  Wires  Falling  or  Coming  in  Contact 
with  the  Power-Circuits, — If  these  wires  cross  the  power-circuit 
and  drop  loosely  on  them,  the  effect  will  be  to  short-circuit  the 
power-circtiit  on  constant-potential  circuits ;  the  defect  develops 
immediately.  The  wires  either  bum  off  or  an  arc  may  be  estab- 
lished which  will  bum  off  the  power-circuit,  breaking  the  wires 
and  the  connection.  The  provision  should  be  as  the  conditions 
:sliown  for  the  breaking  of  a  wire.  A  single  wire  may  merely 
come  in  contact  with  one  wire  of  a  constant-potential  circuit 
and  assume  the  same  voltage  as  that  circuit;  there  will  be  no 
way  of  determining  this  at  either  the  station  or  the  sub-station, 
unless  that  wire  was  grounded  and  the  ground  indicated  on  the 
:ground-dctectors.  In  the  event  of  this  falling  wire  coming  in 
contact  with  both  sides  of  the  series  arc-circuit,  a  portion  of  the 
circuit  will  be  cut  out  and  indicated  on  the  voltmeter  at  the 
station.  Should  it  come  in  contact  with  only  one  wire  of  the 
circuit,  no  indication  will  be  made  at  the  station  unless  the  wire 
T>e  grounded.  For  this  reason  inspection  should  be  made  and  all 
such  wires  changed  so  as  to  come  below  the  power-circuit  and 
not  above  it.  This  also  demonstrates  the  necessity  of  placing 
protective-devices  on  foreign  wires  which  may  come  in  contact 
with  power-circuits. 

Lightning-Storms. — ^The  installing  of  efficient  lightning-ar- 
resters as  specified  may  protect  the  apparatus  at  both  the 
generating  station  and  sub-station,  but  fail  to  protect  apparatus 
at  intervening  points,  particularly  the  transformers.  It  is 
possible  that  lightning  may  jump  from  primary  to  secondary 
of  transformers  during  a  severe  storm.  This  would  be  indicated 
by  the  primary-fuse  blowing  in  the  transformer;  and  after  the 
blowing  of  the  fuse  from  this  cause,  tests  should  be  made  of  the 
transformer  as  follows : 

It  is  essential  that  when  a  primary-fuse  on  a  transformer  is 
blown  through  any  cause,  the  secondaries  should  be  disconnected 
from  the  transformer,  and  the  latter  tested  to  full-line  voltage 
between  the  primary  and  secondary  coils,  so  as  to  determine 
that  there  is  no  breakdown  in  the  insulation  between  these  coils. 

There  are  two  methods  by  which  these  tests  may  be  readily 
made  by  the  linemen  without  removing  the  transformer:  first. 
take  from  the  station  a  600-watt  transformer,  connect  its 
primary  for  the  line-voltage  and  its  secondaries  for  100  volts. 
ani   cDni3?t   a   50-volt  la-no   across   the  latter.     Attach    one 
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primary  lead  of  this  test-transformer  to  one  secondary  wire  of 
the  line-transformer,  and  place  one-ampere  fuses  in  the  primary 
cut-outs  protecting  the  line-transformer.  Now  connect  the 
other  primary  lead  of  the  test-transformer,  first  to  one  and  then 
to  the  other  of  the  main  primary  lines.  If  the  50-volt  lamp 
filament  becomes  red,  the  line-transformer  is  defective,  and 
should  be  returned  to  the  station.  Second  method ;  if  impossi- 
ble to  use  the  first  method,  proceed  as  follows:  attach  a  short 
piece  of  heavily-insulated  rubber  wire  to  one  of  the  secondary 
wires  leading  from  the  transformer.     Then  place  one-ampere 
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Fig.  1. 
fuses  in  the  cut-outs,  and  connect  the  specially  insulated  rubber 
wire  first  to  one  and  then  the  other  of  the  main  primary'  lines. 
If  the  fuse  blows,  or  a  spark  shows  when  contact  is  made,  the 
transformer  is  defective  and  should  be  removed  from  the  line. 

In  the  event  of  lightning-arresters  being  placed  on  the  pole 
line,  all  such  lightning-arresters  should  be  inspected  after  each 
heavy  lightning-storm. 

Trails  formers. — Transformers  when  supported  on  the  poles 
should  be  hung  on  an  extra  cross-arm  provided  for  that  purpos3. 
The  primary  leads  from  the  Ime  to  the  fuse-box  and  to  the 
transformer  should  be  insulated  with  rubber-covered  braid, 
for  the  line  voltage.  Transformers  should  not  be  attached  to 
buildinr^s  or  in  such  locations  as  to  be  handlcrl  bv  unauthorized 
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people,  and  when  they  are  placed  in  buildings  they  should  be 
put  in  a  separate  fire-proof  closet  or  room  which  is  controlled  only 
by  the  operating  plant.  As  it  is  now  the  general  practice  to  use 
oil-transformers  it  is  unnecessary  to  consider  dry-transformers. 
Inspection  should  be  made  to  see  that  the  cases  are  properly 
filled  with  oil.  This  should  be  done  by  an  inspection  force,  and 
not  by  the  men  erecting  the  transformers. 

Inspection. — ^The  greatest  safeguard  in  a  transmission  line  is 
regular  inspection.  Lines  can  with  advantage  be  inspected 
daily,  not  only  an  inspection  from  the  ground,  but  a  regular 
monthly  inspection  of  all  devices  attached  to  the  line  when  a 
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continued  service  is  desired. 

It  may  be  necessary  on  some  parts  of  the  line  to  introduce 
cable.  This  should  be  avoided  whenever  possible  for  the  reason 
that  the  conductors  are  brought  close  together  at  this  point  and 
static  discharge  is  liable  to  puncture  the  insulation;  so  means 
should  be  provided  at  both  ends  of  the  cable  to  take  care  of  the 
static.  This  is  best  arranged  for  by  a  series  of  gaps  of  the 
lightning-arrester  type.  Standard  lightning-arresters  can 
usually  be  used  for  this  purpose.  They  should,  however,  be 
provided  with  a  small  fuse  in  series  with  the  connection  to  the 
line  so  as  to  prevent  short  circuiting  the  lines  in  case  of  failure 
of  the  spark-gaps. 
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Discussion  op  Lukes,  Bechtel,  and  Eglin  Papers. 

H.  B.  Gear: — ^The  speaker  wishes  to  emphasize  the  im- 
portance of  doing  everything  possible  in  the  way  of  providing 
safeguards  on  the  distributing  system  to  relieve  the  burden 
of  responsibility  now  resting  upon  the  central-stations  of 
preserving  the  continuity  of  the  service.  An  hour's  inter- 
ruption in  a  factory  employing  a  number  of  men  may  involve 
great  loss  to  consumer  and  producer  alike. 

The  development  of  alternating-current  power  service  in  most 
of  our  large  cities  during  recent  years  has  served  to  draw  this  to 
the  attention  of  station  men  very  forcibly. 

An  analysis  of  reports  of  line  trouble  reveals  three  general 
classes  of  accidents  which  interrupt  service;  namely,  those 
caused  by  the  blowing  of  defective  or  overloaded  fuses ;  those 
caused  by  the  short  circtiiting,  breaking,  or  grounding  of  line 
wires,  and  those  due  to  trouble  in  lightning-arresters  and  trans- 
formers. 

Unnecessary  blowing  of  fuses  can  be  practically  elimmated  by 
a  systematic  method  of  fusing  lines  according  to  the  connected 
load,  allowing  ample  reserve  capacity  in  the  fuse,  and  checking 
up  the  connected  load  on  all  fuses  at  regular  intervals.  A  set  of 
maps  on  which  the  proper  size  of  fuse  for  each  box  is  marked  is 
of  value  in  this  work. 

The  burning  of  cross-arms  due  to  the  leakage  of  current  from 
the  cases  of  iron  cut-out  boxes  in  wet  weather  may  be  reduced 
to  a  minimum  by  mounting  these  boxes  on  glass  supports.  Care 
should  also  be  used  in  mounting  such  boxes  on  cross-arms  not  to 
put  them  back  to  back  directly  opposite  each  other  so  that  the 
supporting  screws  may  allow  current  to  pass  through  the  arm 
and  thus  bum  it.  As  has  been  stated  by  Mr.  Eglin,  the  inability 
of  any  form  of  fuse  available  for  pole-line  work  successfully  to 
open  branches  which  are  fused  to  carry  50  kilowatts  or  more 
makes  it  advisable  to  restrict  the  use  of  fuses  to  the  branches 
which  are  less  heavily  loaded,  depending  upon  circuit-breakers 
o^  station  fuses  for  protection  from  accidents  on  feeders  or 
heavily -loaded  mains.  The  main  branches  should  be  provided 
with  cut-out  boxes,  however,  for  use  in  testing  for  trouble. 

The  duration  of  an  interruption  of  service  is  usually  short, 
when  the  occurrence  of  trouble  on  feeder  or  main  operates  a 
device  located  within  the  station  that  can  be  quickly  replaced 
and  is  not  dependent  upon  the  services  of  a  trouble  man. 

The  majority  of  interruptions  are  caused  by  the  second  class 
of  accidents  and  may  be  diminished  by  first- class  line  con- 
struction combined  with  a  system  of  regular  inspection  by 
which  incipient  trouble  may  be  discovered.  The  importance  of 
a  regular  inspection  of  all  lines  at  intervals  of  one  to  two  months 
has  not  been  too  greatly  emphasized. 

Interruptions  due  to  burnt-out  transformers  seem  to  be  un- 
avoidable.    The  use  of  lightning-arresters  located  near  the  larger 
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transformers  is,  no  doubt,  of  value  in  reducing  the  number  ol 
transformers  which  fail  because  of  lightning,  though  the  entire 
prevention  of  this  trouble  seems  to  be  impossible. 

Interruptions  due  to  the  burning  out  of  transformers  by  over- 
loading are  very  infrequent,  it  being  more  often  true  that  the 
transformer  capacity  is  excessive.  Troubles  in  lightning 
arresters  are  undoubtedly  diminished  by  the  use  of  the  fuse  men- 
tioned by  Mr.  Eglin,  though  this  would  seem  to  be  objectionable 
rom  the  fact  that  the  fuse  might  be  blown  in  the  early  part  of  a 
-.hunder-storm  and  thus  destroy  the  protection  from  the  remain- 
ng  discharges  of  lightning. 

The  suggestions  made  by  Mr.  Lukes,  that  a  standard  cross-arm 
be  adopted,  should  receive  general  support.  A  cross-ann 
similar  in  dimensions  to  the  one  described  in  Mr.  Lukes' 
paper,  except  that  the  distance  between  the  pole-pins  is  25 
inches,  has  been  in  use  in  Chicago  for  a  number  of  years  with 
excellent  results.  Many  cross-arms  furnished  by  manufac- 
turers for  use  on  light  and  power  circuits  at  voltages  from 
2000  to  4000  are  likely  to  cause  trouble,  owing  to  the  narrow 
space  between  the  pins,  allowing  the  wires  to  swing  together 
in  case  they  become  a  little  slack. 

Triple-petticoat,  glass  insulators,  having  an  outside  diameter 
of  about  4.5  inches,  have  been  in  use  in  Chicago  on  4000-volt, 
three-phase  circuits  for  several  years  with  excellent  results. 
There  is  reason  to  believe,  however,  that  the  deep-groove,  double- 
petticoat  insulator,  which  is  used  on  standard  2000-volt  -work, 
would  serve  the  purpose  equally  well  as  far  as  insulation  is  con- 
cerned. The  advantage  of  having  a  distinctive  type  of  insulator 
on  the  higher  voltage  circuits  is  such,  however,  that  the  triple- 
petticoat  insulator  is  used  on  these. 

Accidents  to  linemen  working  on  electric  light  lines  may  be 
prevented  in  part  by  regulations  requiring  the  men  to  use  rubber 
gloves  in  handling  live  circuits.  Much  may  be  done  also  in 
arranging  apparatus  on  the  pole  in  such  a  way  that  men  can 
work  upon  without  constant  danger  of  injury. 

Danger  from  fire  is  practically  eliminated  when  primary  wires 
are  kept  outside  of  the  buildings  and  all  secondaries,  whether 
two-  or  three-wire,  are  grounded.  The  danger  from  crosses 
with  telephone  wires  may  be  reduced  to  a  minimum  by  cann- 
ing all  high-voltage  wires  above  the  telephone  wires,  whether 
in  crossing  or  paralleling  them. 

Telephone  and  lighting  wires  jointly  occupy  poles  on  about 
200  miles  of  pole-line  in  Chicago,  the  lighting  wires  being  car- 
ried above  the  telephone  wires.  Several  accidents  have  befallen 
life  and  property  due  to  crosses  on  these  lines,  but  in  nearly 
every  case  they  have  been  the  result  of  carelessness  on  the  part 
of  telephone  line  men  engaged  in  stringing  wires.  Accidents  due 
to  lighting  wires  falling  across  telephone  wires  have  been  almost 
unknown. 

G.   T.   Hanchett: — ^The  papers   on    overhead    construction 
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and  distributing  systems  in  suburban  districts  fail  to  refer  to  one 
of  the  most  prolific  causes  of  accidents  and  troubles  on  such  lines ; 
namely,  the  grounding  of  wires  on  trees.  In  a  suburban  town 
the  preservation  of  the  trees  in  the  street  is  insisted  upon.  The 
wires  have  to  pass  through  the  trees  and  are  secured  in  various 
ways;  but  with  the  growth  of  the  trees  the  branches  come  in 
contact  with  the  wires  and  produce  serious  groufids.  Limbs 
six  and  eight  inches  in  diameter  bum  completely  in  two,  the 
limbs  dropping  on  the  street,  and  wires  are  burned  in  two  by  the 
resulting  arcs.  The  speaker  would  be  glad  to  hear  of  any  means 
which  will  prevent  this  trouble. 

Ralph  D.  Mershon: — The  first  three  papers  appeal 
especially  to  the  operating  men,  and  perhaps  some  one  will 
answer  a  question  in  regard  to  one  of  the  so-called  safeguards 
used  in  connection  with  light  and  power  equipments.  Why  is 
weather-proof  wire  used  on  primary  circuits?  After  it  has  been 
up  one  or  two  years  it  is  generally  in  a  very  ragged  condition,  or 
might  as  well  be  so  far  as  its  insulating  properties  are  concerned, 
and  as  a  safeguard,  in  the  matter  of  protecting  life  at  any  rate, 
it  is  then  worse  than  useless  because  it  engenders  a  false  confi- 
dence. 

Calvert  Townley: — An  experiment  was  made  on  a  railroad 
in  western  Pennsylvania  some  time  ago,  whereby  it  was  sought 
to  determine  how  many  lightning-arresters  should  be  used.  A 
lightning-arrester  with  suitable  ground-connection  was  installed 
on  every  pole  for  several  miles,  great  care  being  taken  to  see  that 
the  installation  was  properly  made.  Tissue  paper  was  then 
placed  in  each  arrester  in  such  position  that  it  would  be  punc- 
tured if  a  static  discharge  passed  through  that  piece  of  apparatus, 
and  after  every  storm  these  papers  were  inspected.  It  was 
found  that  four  arresters  to  each  mile  of  conductor  carried  off  all 
static  disturbances  which  occurred  through  numerous  and 
severe  thunder-storms ;  indicating  that  with  such  a  number  the 
tendency  for  a  discharge  to  escape  by  any  other  means  than 
through  the  arrester  was  extremely  remote. 

The  fact  had  been  brought  to  his  attention  that  many  operat- 
ing companies  while  exercising  due  diligence  in  the  inspection  of 
the  main  parts  of  their  system  neglected  to  inspect  properly  the 
lightning-protection  devices,  resulting  in  defective  ground  con- 
nections, undue  bends  in  lightning-arrester  wiring  or  other 
defects  which  rendered  the  arrester  ineffective.  This  is  a  ques- 
tion which  is  of  relative  greater  importance  to  the  smaller  electric 
light  installations  than  to  power-transmission  lines,  but  it  has 
not  been  given  the  attention  it  deserves. 

P.  M.  Lincoln: — In  Mr.  Eglin's  paper,  on  page  749.  under 
the  head  of  **  Pins,**  it  is  said:  "The  pins  should  be  made  of 
locust  wood  well-boiled  in  linseed  oil,  and  are  preferable  for 
voltages  of  5000  volts  and  under.**  If  the  treatment  recom- 
mended is  for  the  purpose  of  preserving  the  pins,  no  criticism 
is  offered.     If,  however,  the  treatment  is  meant  for  the  ptupose 
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of  making  insulators  of  the  pins,  issue  must  be  taken  with 
that  statement.  The  speaker  believes  thoroughly  in  treating 
the  insulator  as  the  only  insulation  of  the  line  and  to  rely  en- 
tirely on  the  insulator  as  the  only  insulation.  It  has  been 
noted,  particularly  on  the  high-pressure  lines,  that  under  cer- 
tain conditions  there  is  a  considerable  burning  of  the  pins, 
particularly  if  the  insulators  become  coated  with  dust.  There 
are  two  ways  to  remedy  that  difficulty — one  to  make  the  pin 
a  perfect  insulator  and  keep  it  so,  and  the  other  to  make  it  a 
conductor.  You  cannot  very  well  make  the  pin  a  perfect  in- 
sulator and  keep  it  so  unless  you  put  it  in  a  glass  case,  and  that 
is  a  little  difficult.  It  seems  that  the  other  method  is  the  logi- 
cal one  to  pursue;  that  is,  to  make  th6  pin  a  fairly  good  conduc- 
tor, so  that  the  escaping  current  cannot  generate  sufficient  heat 
to  cause  this  burning. 

M.  P.  Ryder: — Experience  with  overhead  ines  has  shown 
that  it  is  not  safe  to  depend  upon  the  insulation  of  the 
wire,  whether  it  is  rubber  of  the  best  quality,  or  ordinary 
weather-proof.  Weather-proof  insulation  is  a  good  prottection  in 
dry  weather,  saving  a  great  deal  of  trouble  that  would  occur 
without  it.  In  many  cases  where  wires  become  crossed,  or  are 
thrown  together  in  handling,  the  weather-proof  insulation  has 
prevented  short-circuits.  (This  refers  to  alternating  circuits  of 
2500  volts  or  less.) 

Regarding  lightning-arresters,  the  speaker  has  found  none  that 
will  give  complete  protection.  Lightning  does  some  queer  things 
that  cannot  be  accounted  for  by  any  of  the  accepted  theories. 
Nothing  is  gained  by  using  a  great  number  of  arresters.  The 
greater  part  of  the  trouble  from  lightning  occurs  at  the  extreme 
ends  of  the  circtiit.  If  good  arresters  are  installed  at  the  station. 
and  at  the  outer  ends  of  the  circuits,  they  will  furnish  about  all 
the  protection  necessary. 

Why  does  lightning  cause  the  primary  fuses  of  a  transformer 
to  blow  without  causing  any  injury  to  the  transformer?  Many 
cases  of  this  kind,  both  with  oil-filled  and  dry  transformers 
are  known.  When  the  fuses  are  replaced  the  transformer  will 
^o  on  with  its  work  as  though  nothing  had  happened. 

George  F.  Sever: — In  Mr.  Lukes'  and  Mr.  Eglin's  papers 
th?re  is  mentioned  the  possible  crossing  of  telephone  and  sig^nal 
with  high-tension  wires.  This  is  an  extremely  important  point 
to  electrical  engineers  of  municipalities.  In  the  daily  papers  of 
T)ecember  16th,  1903,  there  was  recorded  the  fact  that  at  Joliet. 
Illinois,  a  feed  wire  of  the  Joliet  Electric  Railway  carrying  cur- 
rent at  IG  000  volts,  broke  and  fell  across  a  Western  Union  Tele- 
graph Company's  wire  causing  fires  in  buildings,  in  some  cases 
19  miles  distant.  It  is  absolutely  essential  to  eliminate  such  an 
occurrence  through  good  engineering  practice. 

M.  P.  RvDEfe: — Regarding  the  rules  of  the  Underwriters  for  the 
building  of  high-pressure  lines:  Some  of  their  requirements  are 
jiot  practicable;  for  instance,  the  placing  of  a  grounded  network 
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under  the  high-tension  circuit  having  a  conductivity  equal  to 
that  of  the  circuit.  In  a  great  many  cases  this  would  require 
very  heavy  construction,  so  heavy  that  it  would  not  be  practic- 
able to  put  it  on  the  poles.  As  a  matter  of  fact,  it  is  very  seldom 
that  an  electric  light  or  power  wire  breaks  down.  A  wire  of 
larger  size  than  No.  6  will  stand  up  under  sleet,  or  almost  any 
other  storm  that  occurs  in  this  climate.  The  proper  way  to 
protect  low-tension  wires  is  to  place  them  below  the  high-tension 
wires. 

H.  G.  Stott: — Some  years  ago  a  Committee  of  the  Institute 
met  with  the  Board  of  Fire  Underwriters  and  a  rule  was 
passed  making  it  permissible  to  ground  the  neutral  at  the  central 
point  of  the  transformer,  or  at  one  side  of  the  transformer.  The 
grounding  of  any  part  of  the  secondary  network,  especially  the 
neutral  point,  is  the  best  form  of  protection  obtainable,  becatise 
in  case  of  a  cross  with  an  electric  light  wire,  carrying  perhaps 
8000  volts,  the  pressure  of  the  wire  is  immediately  reduced  to 
the  pressure  of  the  circuit,  as  the  carrying  capacity  of  the 
secondary  network  is  greatly  in  excess  of  the  amount  of  current 
passing  through  the  average  arc-light  circuit.  Then  grounding 
IS  also  a  good  protection  from  lightning,  because  when  lightning 
strikes  the  high-pressure  line  the  oil  transformer  forms  one  of  the 
best  lightning  protectors.  It  is  a  very  common  occurrence,  as 
one  of  the  gentlemen  remarked,  for  the  primary  ftise  to  blow  on  a 
transformer  in  a  Ughtning-storm.  This  is  caused  by  the  current 
jumping  across  either  between  the  turns  of  the  transformer  and 
short-circuiting  the  transformer,  or,  if  the  secondary  is  groimded, 
jumping  through  the  insulation  to  that  ground.  Then  auto- 
matic apparatus  at  the  power-house  ought  immediately  to  cut 
out  that  circuit;  on  replacing  the  circuit-breaker  in  the  power- 
house, in  nine  cases  out  of  ten,  the  line  will  be  perfectly  clear  as 
the  oil  will  have  sealed  the  fault. 

It  is  well  to  emphasize  what  has  been  said  in  some  of  the 
papers  to-night  that  all  automatic  apparatus  should  be  con- 
centrated in  the  power-house  or  substations.  It  is  very  well  to 
have  some  means  of  breaking  up  the  overhead  lines  into  sections, 
to  have  a  well-designed  oil  switch  of  small  dimensions  which  can 
be  mounted  on  the  poles,  so  breaking  up  the  line  into  different 
sections,  so  as  to  render  it  easy  to  test  and  cut  out  different 
sections  in  locating  trouble — these  things  are  valuable  auxiliaries 
to  engineers  who  handle  overhead  service.  The  question  of 
.  grounding  the  neutral  is  an  important  one,  more  especially  for  the 
protection  of  life  in  possible  crosses  with  higher  pressure  circuits 
which  must  inevitably  occur  sooner  or  later  in  all  overhead  cir- 
cuits. 

W.  C.  L.  Eglin: — The  interference  with  overhead  wires  by 
trees  is  frequently  a  source  of  trouble.  There  has  been  a  number 
of  methods  suggested  in  connection  with  the  construction  of  lines 
through  trees.     The  so-called  tree  insulator  is  a  porcelain  insu- 
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lator  attached  to  a  limb  of  a  tree,  or  a  long  wooden  insulator 
attached  to  the  conductor.  Neither  of  these  devices  is  satis- 
factory on  account  of:  first,  the  swinging  of  the  limbs  of  the 
tree;  and  secondly,  the  movement  of  the  conductor,  owing  to  the 
expansion  and  contraction  of  the  limb.  An  insulator  attached 
to  a  conductor  will  not  have  a  fixed  position,  so  that  any  device 
of  this  kind  must  be  considered  mereh'  temporary.  Specially- 
insulated  conductors  have  been  used  in  which  a  heavy  rubber 
insulation  was  protected  by  means  of  a  flat  steel  armor  band 
wound  spirally  around  the  insulation.  It  was  thought  that  the 
armor  would  prevent  the  chafing  of  the  insulation  against  the 
limbs  of  the  trees;  and  the  armor  would  cut  the  limbs,  instead 
of  the  limb  weaiing  away  the  insulating  material.  Experience 
with  this  form  of  conductor  has  not  been  satisfactory,  as  the 
insulation  frequently  breaks  down  between  the  armor  and  the 
conductor,  and  there  is  no  easy  method  of  detecting  such  a 
fault. 

The  author  agrees  with  the  criticisms  of  Mr.  Mershon  and 
others  that  weather-proof  insulation  is  of  no  value  as  insulation 
for  the  line;  and  as  previously  stated,  the  insulation  should  be 
provided  for  by  the  insulator,  and  that  pins,  cross-arms  and 
other  material  are  formed  by  part  of  the  structural  features  of 
the  line.  He  has  attempted  to  emphasize  that  the  insulator  is 
the  part  which  should  receive  attention  as  far  as  the  degree  of 
insulating  is  required  for  the  line. 

The  author  differs  with  the  view  expressed  in  the  question  of 
gloves  for  the  linemen,  and  is  of  the  opinion  that  the  use  of 
rubber  gloves  should  be  proliibited,  for  the  reason  that  men 
depend  on  gloves  and  take  unnecessary  risks,  assuming  that  they 
are  properly  protected  when  using  them.  There  is  difficulty  in 
havinci:  the  gloves  returned  for  inspection,  but  even  with  the  best 
care  the  glove,  to  be  of  any  value  as  an  insulator,  should  be  very 
much  heavier  than  it  is  practicable  to  use.  The  other  objection ; 
although  gloves  may  offer  some  slight  protection  to  the  hands, 
there  are  other  parts  of  the  body  exposed  and  through  which  a 
man  may  receive  a  fatal  shock.  It  is  better  to  arrange  the 
various  devices  that  must  be  handled  so  that  they  can  be  cut 
out  or  grounded  while  being  worked  upon.  An  example  of  this 
would  be  a  scries  arc  lamp  on  an  iron  pole.  This  lamp  might 
become  dangerous  owing  to  the  circuit  being  crossed  with  some 
forcicrn  circuit  when  not  in  use,  and  while  the  trimmers  are 
triniminc;  the  lamps.  The  method  of  rendering  this  safe  is  first 
to  rrounJ  the  circuit  at  the  station,  which  is  easily  done;  and 
further,  have  a  ground  connection  attached  to  the  iron  pole  by 
means  of  a  flexible  cable  and  a  hook  which  can  readily  be  attached 
to  the  lamp,  thus  rendering  the  trimmer  free  from  any  liability  of 
receiving  a  shock. 

The  principal  reason  for  placing  lightning-arresters  in  the 
stations  is  that  they  can  be  inspected  and  kept  more  frequently 
in  operative  condition.     Some  circuits  of  about  thirty  miles  in 
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length  have  shown  continuous  discharge,  during  a  lightning- 
storm,  at  the  station.  There  are  undoubtedly  locations  where 
it  would  be  advantageous  to  place  lightning-arresters  on  the 
lines.  The  location  of  lightning-arresters,  however,  is  a  question 
which  has  to  be  studied  for  each  particular  locality,  and  the 
speaker  does  not  believe  there  is  any  fixed  rule  for  the  installation 
of  lightning  arresters  on  distributing  systems. 

Ralph  D.  Mershon  : — The  speaker  is  glad  to  hear  the  unqualifi- 
condemnation  of  weather-proof  wire.  In  a  number  of  cases, 
where  he  has  been  connected  with  the  installation  of  power 
and  lighting  plants,  he  has  tried  to  get  away  from  weather-proof 
wire  and  put  in  bare  wire.  He  is  also  glad  to  hear  what  Mr. 
Eglin  says  in  regard  to  rubber  gloves,  as  it  agrees  with  his 
ideas.  The  speaker  has  ordinarily  been  concerned  with  volt- 
ages where  rubber  gloves  are  of  no  value  under  any  condi- 
tions, but  believes  they  are  ordinarily  a  source  of  danger  rather 
than  safety.  Dependence  is  put  upon  them ;  and  although  they 
shotild  be  tested  from  time  to  time,  they  are  not,  and  the  result 
is  that  some  one  is  killed.  A  man  working  with  his  bare 
hands  will  take  care  that  the  conditions  of  the  work  are  safe, 
and  such  care  is  better  than  dependence  upon  rubber  gloves. 

H.  B.  Gear: — ^There  is  one  important  point  regarding  the 
use  of  weather-proof  wire  which  has  not  been  mentioned.  In  cases 
where  accidents  have  occurred  to  employes  or  citizens,  the 
question  of  the  insulation  of  the  wire  from  which  the  injury  was 
received  is  the  first  one  to  arise.  If  witnesses  can  be  put  on  the 
stand  to  say  that  the  wire  was  insulated,  the  company  is  placed 
in  a  far  better  position  before  the  jury  than  it  would  be  were  bare 
wire  xised. 

Weather-proof  insulation,  while  it  may  not  be  an  insulation  of 
great  value  as  a  protection  for  crossed  wires  in  wet  weather, 
is  unquestionably  of  considerable  value  in  dry  weather  until  it 
becomes  so  old  that  the  outer  braids  begin  to  shred  off  and  be- 
come brittle.  When  it  reaches  this  condition  there  is  but  one 
thing  to  do  and  that  is  to  replace  the  wire. 

Weather-proof  insulation  is  of  value  as  a  protection  to  linemen 
who  may  be  at  work  on  the  poles  while  the  circuits  arc  alive, 
since  it  protects  them  from  injury  which  might  be  caused  by 
momentary  contact  with  2000  volt  circuits,  were  weather-proof 
wire  not  used.  Weather-proof  insulation  will  remain  in  fairly 
safe  condition  for  five  years  or  more. 

The  speaker  agrees  with  Mr.  Ryder  that  it  would  be  quite 
impracticable  to  put  up  a  protecting  network  which  would  be 
required  on  lines  carrying  a  large  amount  of  energy.  There  are  a 
great  many  places  in  cities  where  it  would  be  physically  impossi- 
ble to  comply  with  the  requirements  affecting  the  distance  be- 
tween poles  and  buildings,  for  the  reason  that  where  pole  lines 
are  run  in  the  street  the  distance  from  buildings  is  necessarily 
limited.     The  strict  enforcement  of  some  sections  of  these  rules 
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would  prevent  the  erection  and  maintenance  of  high-tension  pole 
lines  within  the  limits  of  cities. 

As  to  lightning  protection,  the  experiments  which  have  been 
described  this  evening  show  that  the  average  distance  between 
points  at  which  discharges  take  place  is  about  a  quarter  of  a  mile. 
It  has  been  the  practice  in  Chicago  to  install  arresters  at  about 
these  intervals,  but  it  has  been  observed  that  not  infrequently 
transformers  of  the  old  type  of  first-class  manufacture  have  been 
burned  out  by  lightning  in  locations  from  300  to  500  feet  distant 
from  the  lightning-arrester. 


[Communicated   after   Adjournment.      Discussing  "  Auto- 
matic Apparatus  for  Regulating  Generator  and 
Feeder  Potentials.**  •  By  A.  C.  Pratt.] 

Several  types  of  pressure  regulators,  designed  to  control  either 
the  generator  field  or  the  exciter  field,  have  as  their  primary  ele- 
ment a  solenoid  actuated  by  the  potential  of  the  system  which  it 
is  desired  to  control;  and  in  some  cases  further  actuated  by  a 
current  in  a  separate  winding  on  the  same  solenoid,  from  a  series 
transformer  in  one  leg  of  the  main  system,  designed  to  compen- 
sate for  PR  line  losses ;  but  no  attempt  seems  to  have  been  made 
to  compensate  also  for  line  drops,  due  to  varying  power-factor. 

Suppose  a  fairly  long  high-pressure  transmission  system  to 
require  15  amperes  charging  current.  Then  15  amperes  at  the 
generating  station  might  represent  either  no  load,  or  from  one- 
fourth  to  one-half  normal  full  load  at  the  consumer's  end.  The 
common  type  of  regulator,  with  compensating  solenoid  as  above, 
might  be  expected  to  maintain  nearly  the  same  potential  at  the 
generating  station  for  the  15  amperes  charging  as  for  15  amperes 
work-current,  but  with  a  wide  variation  in  the  potenital  at  the 
consumer's  end  of  the  line.  If,  however,  the  current  in  the  poten- 
tial winding  of  the  solenoid  be  given  a  lag  relative  to  that  in  the 
current  winding,  of  perhaps  60°  or  70®  for  load  at  100%  power- 
factor,  then  the-  percentage  compensation,  due  to  the  series- 
current  winding,  will  vary  with  the  power-factor.  This  1^  in 
the  potential  winding  may  be  produced  by  tapping  from  another 
phase  of  a  three-phase  system,  or  by  a  combination  of  inductance 
and  resistance,  in  series  with  the  potential  winding,  or  both ;  the 
latter  expedient  allowing  ready  means  of  adjustment  of  the 
angle  of  lag  by  varying  the  inductance  and  resistance. 

The  writer  has  found  that  with  about  the  above  conditions  in 
the  controlling  solenoid,  the  potential  at  the  consumer's  end  of 
the  line  could  be  maintained  nearly,  though  not  quite  constant, 
while  the  current  at  the  generating  station  varies  from  20**  leading 
to  50®  lagging,  and  from  full  load  to  no  load. 
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Discussion  on  Lukes,  Bechtel,  and  Eglin  Papers  at 
Pittsburg,  January  7,  1904. 

C.  F.  Scott: — The  evolution  in  electric  apparatus  and  sys- 
tems has  been  along  two  different  lines ;  the  work  outside  of  the 
station,  such  as  the  general  system  and  external  construction, 
has  proceeded  along  quite  different  lines  from  the  development 
of  the  apparatus  within  the  station.  The  latter — the  dynamos 
and  switchboards,  including  the  design  of  the  apparatus  and  the 
methods  of  its  construction — has  been  handled  almost  entirely 
*  by  manufacturing  companies.  The  engineers  of  these  com- 
panies have  developed  the  dynamos,  the  switchboards,  the 
safety  devices,  the  methods  for  operating  within  the  station,  and 
they  have  become  expert  in  this  work.  There  has  been  a  whole- 
some rivalry,  intensified  by  commercial  competition,  which  has 
led  to  a  constant  endeavor  to  produce  the  best  apparatus,  and 
to  develop  new  forms  to  meet  new  requirements. 

Outside  the  station,  however,  there  have  not  been  a  few  con- 
centrated sources  of  development,  but  in  a  way  each  situation 
has  been  left  to  work  out  its  own  salvation.  Some  companies, 
notably  those  in  large  cities,  have  placed  their  problems  in  the 
hands  of  able  engineers,  who  have  worked  out  the  best  distribut- 
ing systems  for  their  particular  conditions.  The  problems  of 
pole  construction,  transformer  mounting,  arrangement  of  safety 
devices  for  cutting  out  circuits  in  cases  of  emergency,  the  general 
arrangement  of  feeder  systems,  the  problems  encountered  in 
going  over  or  under  rivers,  and  various  problems,  both  in  over- 
head and  underground  circuits,  have  been  worked  out  more  or 
less  satisfactorily  to  meet  the  varying  local  conditions.  In 
many  cases  these  problems  have  been  relegated  to  the  enter- 
prising linemen  and  the  results  justify  the  conclusion  that  no 
particular  engineering  ability  or  theoretical  knowledge  has  been 
exercised.  As  a  result,  the  problems  external  to  the  station, 
generally  speaking,  have  not  been  worked  out  as  satisfactorily 
as  those  within  the  station.  The  use  of  high  pressures  has 
increased  more  rapidly  than  the  ability  to  handle  them  properly. 
Circuits  for  20  OOO  or  30  000  volts  are  sometimes  found  which 
have  been  put  up  by  men  who  are  accustomed  to  500  or  1000 
volt  circuits  and  who  do  not  know  the  differences  between  2000 
and  20  000  volts. 

An  engineer  recently  told  the  author  that  he  had  inspected  the 
apparatus  in  a  number  of  synchronous  converter  sub-stations. 
He  found  sub-stations  receiving  20  000  volts,  which  were  wooden 
structures  with  oil-insulated  transformers  in  the  basement 
covered  by  a  wooden  floor.  An  accidental  short-circuit  in  wiring 
or  transformers  could  scarcely  occur  without  resulting  in  the 
destruction  of  the  whole  station. 

Papers,  such  as  these  which  have  been  presented  this  evening, 
have  their  chief  value  in  making  public  for  the  use  of  many 
others  the  results  which  have  been  obtained  through  the  efforts 
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of  the  able  engineers  of  large  companies.  It  is  these  details 
which  are  essential  to  the  successful  operation  of  electric  power 
and  lighting  plants. 

S.  P.  Grace: — In  looking  over  the  various  power  transmission 
plants  built  during  the  past  ten  years,  there  will  be  seen  evidence 
that  the  machinery  has  been  carefully  designed  and  constructed 
to  meet  the  exacting  requirements  of  high-pressure  trans- 
mission. The  work  of  the  trained  technical  engineer  is  every- 
where apparent. 

But  when  the  aerial  lines  for  the  transmission  of  the  high- 
pressure  current  are  examined  the  widest  divergence  of  practice 
will  be  found.  Many  times  this  part  of  the  plant  has  been 
turned  over  to  a  line  foreman  with  orders  to  design  and  build  it. 
The  result  has  been  a  line  fairly  well  suited  for  low-pressure 
lighting  circuits,  but  hardly  appropriate  for  the  transmission,  at 
high  pressures,  of  thousands  of  horse-power  of  electrical  energy. 
This  criticism  can  be  particularly  made  in  city  districts  where» 
to  supply  outlying  boroughs,  the  pressure  has  been  gradually 
raised. 

A  line  to  carry  a  pressure  of  more  than  10  000  volts  should  be 
most  carefully  designed  and  rigidly  constructed,  so  that  the 
danger  to  life  and  property  will  be  minimized.  It  is  hopeful  to 
note  that  this  is  being  realized  by  the  power  interests,  andstrong^ 
heavy  transmission  lines  are  now  the  rule  where  formerly  they 
were  the  exception.  No  matter  how  strongly  these  lines  are 
built,  they  will  at  times  fail,  and  the  faUing  of  their  wires  on  low- 
pressure  electric  light,  telegraph,  and  telephone  wires  may 
cause  disastrous  consequences.  The  futility  of  trying  to  protect 
low-pressure  circuits,  by  means  of  fuses,  from  high-pressure 
crosses  is  well  known.  A  10  000- volt  current  has  little  respect 
for  the  ordinary  telegraph  or  telephone  protector.  Means  must 
therefore  be  provided  to  prevent  the  high-pressure  wires  from 
coming  in  contact  with  the  low-pressure  wires.  To  protect  its 
telephone  wires  one  company  proposes  to  insist  on  the  following 
rules: 

1 .  That  the  high-pressure  line  must  never  be  so  constructed 
that  its  wires  will  be  parallel  to,  and  either  above  or  below  the 
telephone  wires. 

2.  That  where,  of  necessity,  a  crossing  must  occur,  it  be  made 
as  near  y  as  possible  at  right  angles. 

3.  That  the  high-pressure  wires  pass  over  the  telephone  wires 
with  not  less  than  10  feet  clearance.  In  exceptional  cases  the 
high-pressure  wires  may  pass  under  with  10  feet  clearance. 

4.  That  guard -wires  be  provided  at  all  crossings  with  high- 
pressure  wires  carrying  more  than  5000  volts. 

5.  That  both  lines  be  strongly  head-  and  side-guyed  at  the 
crossings. 

6.  That  the  power  company  stand  the  expense  of  the  necessary 
protection. 

Where  the  telephone  line  is  underneath,  the  guard-wires  will 
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consist  of  a  grounded  strand  placed  between  the  tops  of  the 
telephone  poles  and  a  network  of  insulated  wires  suspended  from 
a  16-foot  cross-arm. 

The  telephone  wires  at  the  crossing  will  be  lowered  three  arms 
to  provide  space  for  the  guard-arm,  or  if  this  is  impossible,  an 
extension-fixture  will  be  used. 

The  steel-strand  rope,  suspended  from  the  tops  of  the  tele- 
phone poles,  will  be  led  down  the  sides  of  the  poles  and  grounded 
in  several  bushels  of  coke.  This  strand  will  be  proportioned  to 
the  size  of  the  wires  in  the  transmission  line,  and  it  is  expected 
that  they  will  be  quickly  burned  off  when  they  come  in  contact 
with  the  grounded  strand.  In  addition  to  the  grounded  strand, 
there  will  be  placed  about  30  inches  below  it,  six  No.  6  iron  guard- 
wires,  suspended  from  two  four  by  five  inch  16-foot  guard-arms, 
equipped  with  high-pressure  insulators.  These  wires  are  mo- 
mentarily to  protect  the  telephone  wires  before  the  power-wires 
have  had  a  chance  to  settle  on  the  grounded  strand.  If,  from 
some  unforseen  cause,  the  grounded  strand  should  be  burned  in 
two,  the  guard -wires,  being  attached  to  high-pressure  insulators, 
offer  a  protection  to  the  telephone  wires  underneath.  With 
this  double  protection  it  is  felt  that  the  power-wires  can  do  but 
little  damage  to  the  telephone  system.  Where,  of  necessity, 
the  power-line  is  underneath,  a  similar  system  of  protection  will 
be  used.  However,  the  guard-wires  will  be  suspended  from  the 
poles  of  the  power-line,  since  the  guard-wires  should  always  be 
placed  -at  right-angles  to  the  wires  liable  to  fall.  The  strand 
wire,  in  this  instance,  is  not  grounded,  since  its  principal  func- 
tion now  is  to  hold  up  the  weight  of  a  large  number  of  telephone 
wires,  which  might  simultaneously  fall  on  the  power-line.  The 
guard-wires  underneath  are  simply  for  the  purpose  of  holding  the 
telephone  wires  away  from  the  power-wires  and  therefore  do 
not  need  to  be  insulated.  They  may  be  wrapped  around  the 
guard-arm.  The  power  companies  are  willing  and  anxious  to 
protect  the  telephone  lines,  and  agreeable  to  bearing  the  ex- 
pense of  their  protection.  With  the  exercise  of  proper  care,  but 
very  few  accidents  should  be  caused  from  high-pressure  wires. 
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Discussion  on  Bechtel   Paper,  Minneapolis.  Jan.   8,  1904. 

C.  H.  Chalmers: — ^The  ordinary  guarantees  of  regulation  of 
generators,  such  as  six  per  cent  increase  on  pressure  of  non 
inductive  and  199c  on  load  with  80%  power-factor,  mean  prac- 
tically no  regulation.  A  proper  specification  for  pressure  regu- 
lation should  includ«»  a  pressure  regulator  guaranteed  to  keep 
the  pressure  with-n  one  per  cent  of  normal  for  speed  variations 
of  Ave  per  cent  from  normal,  either  way,  for  a  variation  of  power- 
factor  from  unity  to  75%,  for  variations  of  load  from 
zero  to  50%  overload,  and  for  changes  of  temperature 
of  the  generator  from  that  of  the  room  to  55**  Centigrade 
above  the  room  temperature;  and  this  regulation  should 
be  obtained  when  any  or  all  of  these  causes  of  variation 
exist  simultaneously.  There  are  four  principal  sources 
causing  variations  of  pressure,  as  follows:  v&riation  in  speed,  in 
the  load,  in  the  power-factor  of  the  load,  and  in  the  changes  of 
temperature.  A  pressure  regulator  external  to  the  generator 
actuated  by  variation  in  pressure  alone  is  a  perfect  remedy  for 
variations  due  to  any  or  all  of  these  sources,  and  moreover  per- 
mits th  use  of  the  very  simplest  form  of  generator,  eliminating 
series  coils  and  all  apparatus  for  compensating  pressure  changes. 

George  D.  Shepardson: — ^Automatic  regulators  ordinarily 
cause  as  much  tr  mble  as  they  are  supposed  to  eliminate ;  they 
have  usually  been  untrustworthy,  and  it  is  as  necessary  to 
have  an  attendant  to  watch  the  regulator  as  it  would  be  to 
watch  the  pressure  changes  themselves ;  there  is  practically  no 
saving  in  attendance.  Moreover,  as  long  as  central  stations 
charge  for  energy  and  not  for  light,  there  is  little  direct  in- 
centive to  them  to  give  the  best  regulation,  since  their  in- 
come is  not  increased  thereby.  The  interest  of  the  central 
station  man  is  rather  to  use  all  low  efficiency  lamps  and  the 
consequent  sale  of  a  greater  amount  of  energy  for  a  given 
amount  of  light. 
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GAS  POWER  FOR  CENTRAL  STATIONS. 
The  Advantages  op  Operating  Electric  Stations  in  Con- 
nection WITH  Gas  Works. 

BY  J.  R.  bibbins. 

At  the  present  time  two  competitors  of  the  reciprocating 
steam-engine — the  steam-turbine  and  the  gas-engine — are  at- 
tracting wide  attention.  Engineers,  particularly,  are  interested. 
Heretofore  the  interest  taken  in  gas-engine  plants  seems  to  have 
been  confined  chiefly  to  those  operating  in  foreign  countries,  but 
as  there  are  a  number  of  successful  installations  of  this  kind  in 
the  United  States,  it  may  be  of  interest  to  present  a  few  facts 
about  their  operation.  It  is  intended  in  the  following  pages  to 
offer  testimony  upon  four  contentions,  viz. : 

A,  That  present  gas-power  machinery  is  suitable  for  central- 
station  service. 

B.  That  a  well-equipped  gas-power  electric-plant  can  operate 
with  far  better  economy  than  a  steam-plant  under  similar  condi- 
tions. 

C.  That  its  operation  is  much  simpler  and  requires  less  run- 
ning expense  for  the  same  results. 

D,  That  gas  works,  laboring  under  low  load  or  output-factor, 
can  profitably  install  a  gas-power  electric  generating  station,  and 
become  its  own  largest  customer,  selling  both  gas  and  electricity 
at  competitive  rates. 

The  basis  of  this  paper  consists  of  data  collected  from  various 
electric -light  and  power-plants  in  the  United  States  using  gas- 
engines  as  their  principal  motive  power.  A  number  of  these 
plants  being  operated  in  connection  with  illuminating-gas  works, 
it  has  been  possible  to  observe  the  somewhat  unique  position  of 
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the  gas-engine  station  as  a  direct  though  affiliated  competitor 
of  the  gas  works. 


TABLE  I.— GAS-POWER  PLANT  EQUIPMENT. 

Engines. 

Generators. 

Plant 
No. 

Rated 

Capacity 

Full 

Load. 

b.h.p. 

No. 

b.h.p. 

Transmission. 

Incan- 
descent 
Power. 

Rail- 
way. 

Are. 

Total 
kw.  Gen- 
erating 
capacity. 

Character. 

Eflfi. 
ciency. 

l>.h.|xEBflr. 

1 
7. 

685 
170 

3 
2 

125- 

280 

85 

Belt. 

82.5 
80 

1 -phase. 

550  V. 
D.C. 

230 

Its. 

370 

112 

.845(a) 
1.00    w 

3 

110 

2 

65- 

Jack-shaft 

75 

2-phase. 

76 

1.2 

4 

90 

2 

35- 
55 

Belt. 

80 

1-     •• 

•• 

40 

0  03 

« 

320 

4 

65- 
125 

Jack-shaft 

75 

3-     " 

60 

Its. 

232 

1.18     ic 

« 

360 

4 

55- 
125 

•* 

75 

2-     •• 

215 

1.14 

7 

305 

3 

55- 
125 

Belt. 

82.5 

1-     " 

•• 

260 

1.38 

8 

280 

1 

280 

•« 

80 

1-     •• 

50 

Its. 

162 

0.01 

0 

10 

140 
85 

2 

1 

55- 

85 

85 

M 

80 

1-     " 
1-     •• 

100 
60 

0.06 
1.17 

11 

803 

6 

(«) 
3 

125- 
210 

•• 

82.5 

1-     •• 

200 

Us. 

476 

0.07    (rf> 

12 

255 

85 

• 

80 

2-     •• 

116 

0.78    (#) 

13 

376 

3 

125 

Direct- 
connected 

85 

2-. 

•• 

225 

0.04     (/) 

14 

500 

4 

125 

" 

85 

2-. 

300 

0.06    (n 

15 

840 

3 

280 

" 

85 

2-. 

•• 

450 

0.85     (f) 

(•)  e.h.p.  at  enmne  shaft. 

(a)  Larizely  railway  load — running  15-18  hr.  per  day. 

(6)   Exclusively  arc. 

(c)   Monocyclic  system — runs  24  hr.  per  day. 

{d)  Plants  operate  24  hr.  per  day — Natural-gas 

(e)    Natural-^as. 

if)    OT>eratcs  in  parallel — Natural-gas. 

(x)  8-h.p.  engine  belted  to  air  compressor  and  pump. 

(<^)  Phase.     . 

Equipment. — ^Table  1  presents  the  most  important  data  upon 
the  general  equipment  and  service  rendered  by  the  first  twelve 
plants  considered.  The  identity  of  the  plants  is  withheld,  in 
most  cases  by  request,  thus  making  available  more  complete  and 
valuable  data.  These  plants  are  located  in  centers  ranging  from 
2000  to  20  000  inhabitants,  and,  in  most  cases,  where  the  cost  of 
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fuel  is  high.  The  equipments  average  about  300  brake  horse 
power  capacity  and  operate  every  standard  form  of  generator  for 
arc  and  incandescent  lighting  and  for  railway  or  general  power 
service.  All  the  generators  are  belted,  the  majority  directly,  but 
a  few  through  the  medium  of  a  jack-shaft,  the  latter  arrangement 
heing  employed  in  order  to  obtain  the  desired  flexibility  of 
service  without  installing  a  number  of  engines  of  small  size. 

Plants  13  to  15  are  somewhat  larger  and  generate  polyphase 
power  for  industrial  works.  These  three  plants  average  approxi- 
mately 570  brake  horse  power  and  the  units  are  all  direct-con- 
nected and  run  in  parallel.     Results  of  operation  have  been  ob- 


Typical  Belted  Station,  with  Jack-shaft. 

tained  from  plants  1  to  11  inclusive,  the  first  and  last  furnishing 
excellent  data  upon  the  comparative  economy  of  the  present 
gas-engines  and  the  steam-engines  which  were  replaced. 

In  general,  the  character  of  electrical  equipment  is  not  all  that 
could  be  desired  for  furnishing  results  of  great  accuracy;  but 
owing  to  the  more  or  less  uncertain  calorific  value  of  the  fuel-gas 
used,  errors  of  a  few  per  cent,  in  particular  cases  will  not  have 
much  effect  upon  the  general  result.  In  any  event,  the  average 
cost  of  power  charged  against  the  station  is  the  desired  figure. 

Service  Requirements. — In  considering  the  subject  in  hand 
from  an  unbiased  standpoint,  it  ^s  important  to  enumerate  the 
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qualifications  imposed  upon  the  gas-engine,  in  order  to  determine 
its  actual  merits. 

1.  Continuity  of  service  at  any  cost. 

2.  Simplicity  of  operation,  conducing  to  the  above  and  secur- 
ing low  cost  of  attendance. 

3.  Reasonable  cost  of  equipment. 

4.  Economy  of  fuel  and  supplies. 

1.  A  65-h.p,  two-cylinder  vertical  engine  of  the  type  employed 
in  the  plants  here  considered  has  made  the  following  record  : 

Load Fan  Blower. 

ToUl  elapsed  time 8472  Hoiirs.     100.0% 

Hotirs  run 8230  Hoixrs.       97,0% 

HOURS  SHUT  DOWN. 

Changing  igniters 38  Hours.      0.45% 

Taking  up  bearings 13       *'  0. 15% 

Painting 179       ** 

Repairing  blower 5       " 

Changing  gas  supply 7       " 

Total 242  Hours.        3.0% 

Ditto  chargeable  to  engine 0.6% 

During  this  period  the  engine  ran,  without  stopping,  1157 
hours  and  was  then  shut  down  to  repair  a  broken  belt. 

In  a  pumping  station  located  on  the  Allegheny,  a  short  dis- 
tance from  Pittsburg,  five  85-h.p.  engines  of  the  same  t)^pe 
operate  regularly  at  full  load  through  the  week  without  stoppings 
except  on  Sunday,  when  the  units  are  shut  down  in  rotation  for 
inspection  and  repair.  Each  engine  operates  from  96  to  98% 
of  elapsed  time.  It  is  needless  to  state  that  such  service  would 
not  be  required  in  central-stations,  as  reserve-capacity  should 
be  available  for  use  during  peak-loads.  In  the  present  exhibit, 
the  majority  of  the  plants  operate  from  18  to  22  hours  per  day, 
giving  ample  time  for  inspection  and  repair,  even  if  no  reserve- 
capacity  were  provided. 

2.  The  skill  required  for  operating  a  gas-plant  is  apparently 
no  greater  than  for  a  steam -plant.  In  several  instances  where  the 
latter  have  been  replaced,  the  old  employees  have  been  retained. 
In  newly-established  plants  steam  engineers  have  invariably 
taken  charge  after  short  preliminary  instruction  from  the 
builders*  erecting  engineer. 

In  plant  No.  11,  weekly  inspection  of  bearings,  igniters,  and 
valves  were  at  first  carried  out.  This  was  found  to  be  unneces- 
sarily frequent  and  is  now  done  once  a  month.     The  cylinders  are 
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Inspected  occasionally  throughout  the  year.  This  plant,  800-h.p. 
capacity,  is  operated  by  three  day  men  and  one  night  man,  ten 
hours  to  a  shift.  The  former  steam-plant,  about  500-h.p. 
capacity,  required  two  day  men  and  one  night  man,  12  hours  to  a 
shift. 

3.  In  cost,  the  gas-engine  equipment  is  quite  comparable  with 
that  of  a  steam  plant.  The  engine  itself  costs  more  than  a  steam- 
engine  of  corresponding  size,  on  account  of  the  increase  in  metal 
required  by  the  higher  pressures  dealt  with.  With  the  cost  of 
condensing  machinery  charged  to  the  steam-engine,  however ^ 
this  disparity  is  much  reduced.     With  natural-  or  illuminating- 


Typical  Belted  Station 

gas  supply  available,  the  cost  of  equipment  would  fall  consider- 
ably below  that  of  a  steam  equipment  of  boilers,  engines,  con- 
densers, heaters,  pumps,  etc.  In  the  case  of  a  producer-gas 
plant  installed  to  supply  'the  gas-engines,  the  cost  of  the  respec- 
tive equipments,  each  of  1000-h.p.,  is  nearly  at  a  parity,  depend- 
ing somewhat  upon  the  gas-storage  capacity  provided.  This, 
however,  amounts  to  much  less  than  electric  storage.  For 
producer-gas  the  former  costs  in  the  neighborhood  of  $7.35*  per. 
h.p.  and  the  latter  $100.  Considering  the  increase  in  productive- 
ness of  labor,  which  is  stated  by  a  prominent  gas-engineer  to  be 

1.  $100  per  1000  cu.  ft. 
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ftilly  100%  (owing  to  the  fact  that  one  man  can  handle  twice  the 
amount  of  coal),  the  advantage,  if  any,  held  by  the  steam-plant, 
disappears. 

4.  In  economy  of  fuel,  the  gas-engine  admittedly  has  no  rival. 
The  present  limit  of  steam-engine  practice  is  10  lb.  water  per 
i.h.p,  or  11  lb.  per  b.h.p.  With  an  evaporation  of  10  lb.  of  water 
per  lb.  of  good  coal  (14  000  B.t.u.  per  lb.)  a  performance  of  1.1  lb. 
coal,  or  15  400  B.t.u.  per  b.h.p.  is  realized.  The  gas-engine  at 
present  defivers,  at  full  load,  a  b.h.p.  upon  10.5  to  11  ft.  of  gas 
(of  900  to  1000  B.t.u.  per  cu.  ft.  calorific  value)  which  is  equiva- 
lent to  10  000  to  11  000  B.t.u.  per  b.h.p.;  the  Fig.   on  page  773 


Typical  Direct-Connected  Station. 


sliows  a  typical  test-log  upon  a  550-h.p.  engine  of  the  three- 
cylinder    vertical  type,  employing  the  four-stroke  cycle.      The 
thermal  efficiency  shown  is  the  true  or  '1  kinetic  "  efficiency,  viz.: 
Output         D.t.u.  equivalent  of  work  done 


Input  B.t.u.  value  of  gas 

At  full  load  this  appears  as  25%  .    Considering  the  comparative 

remoteness  of  the  theoretical  limit  of  gas-engine  efficiency,  and 

the  fact  that  the  theoretical  efficiency  of  a  steam-engine  working 

between  the  usual  units  of  150  lb.  boiler  and  3  lb.    condenser- 
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pressure  has  already  been  exceeded,  there  appears  to  be  an 
encouraging  future  for  internal  combustion  motors. 

Advantages. — The  advantages  of  the  gas-engine  for  central- 
stations  may  be  summarized  thus: 

1.  Minimum  fuel  and  heat  consumption. 

2.  Light  load  eflRciency  higher  than  steam-engine  of   corres- 
ponding size. 

3.  Low  cost  of  operation  and  maintenance. 

4.  Simplification  of  equipment. 

5.  Small  number  of  auxiliaries  required, 
0.  Absence  of  "  standby  **  losses. 
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^EFFICIENCY  TEST  OF  A  SSO  B.  H  P  FOUR  CYCLE  GAS  ENGINE 
2S  X  30  3  CYLINDER  VERTICAL  SINGLE  ACTING  TYPE 


300  400 

Load  Horta  Power 


7.  Quick  starting. 

8.  Waste  heat  in  jacket-water  suitable  for  building  heating. 

9.  Ease  of  extending  equipment. 

10.  Absence  of  high-pressure  except  in  engine-cylinder.  No 
dan^jer  from  explosion  outside,  as  a  mixture  of  proper  propor- 
tions is  required. 

1 1 .  Power  can  be  stored  during  light  loads  at  small  cost  in  the 
form  of  gas  in  holder. 

12.  Subdivision  of  units  more  easily  accomplished,  vieHing 
higher  all-day  economy. 

An  important  source  of  economy  in  gas-plants  is  the  fact  that 
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as  soon  as  an  engine  is  shut  down,  all  heat-losses  cease.  Also, 
during  operation  no  heat  is  lost  by  the  gas  in  transit  from  the 
producer,  and  the  plant  is  not  hampered  by  inefficient  auxiliaries 
such  as  steam-pumps,  condensers,  return-traps,  etc.,  all  of  which 
largely  increase  the  general  complexity  of  the  system.  Steam- 
pipe  and  cylinder-condensation  losses,  radiation,  leakage  iu 
piping  and  fuel-loss  in  banking  fires,  have  no  parallel  in  the  gas- 
plant.  The  only  auxiliaries  required  are  the  igniter-generators, 
and  air-compressors.  The  former  are  negligible  as  affecting  the 
economy  of  the  station,  and  the  latter  operate  at  full  capacity  at 
regular  intervals.  In  cases  where  artesian  wells  supply  jacket- 
water,  a  pump  is  of  course  required,  preferably  operated  by  a 
motor  or  small  gas-engine  to  which  the  air-compressor  may  also 
be  belted. 

In  quick  starting,  the  gas-engine  fulfils  every  requirement. 
The  280-h.p.  pumping  units  of  the  Philadelphia  high-pressure  fire 
system  have  been  repeatedly  started  cold,  brought  up  to  speed, 
and  the  pumps  loaded  to  the  required  pressure  (300  lb.  per  sq. 
in.)  within  a  period  of  40  seconds  from  the  starting  signal.  In 
plant  No.  11,  employing  133-cycle  high-speed  belted  generators, 
the  units  are  regularly  started  in  two  minutes,  and  this  may  be 
reduced  to  one  minute  in  case  of  necessity. 

A  number  of  plants  make  use  of  hot  jacket-water  for  heating 
the  office  building,  ordinary  cast-iron  or  coil-pipe  radiators  being 
used  for  this  purpose.  One  station  partly  supplies  a  municipal 
heating  system  resembling  the  Yaryan,  thereby  deriving  direct 
revenue  from  a  waste  product.  Part  of  the  return-water  is  sent 
again  through  the  jackets,  the  temperature  being  lowered  to  the 
proper  degree  by  adding  fresh  water  from  the  station  supply- 
main.  Station  No.  14  returns  hot  jacket-water  to  a  large  cistern 
where  it  partially  cools  and  is  again  pumped  through  the  jackets 
emerging  at  a  temperature  of  200®  fahr.,  before  being  discharged 
into  the  sewer.  As  return  water  from  a  heating  system  is  also 
discharged  into  this  well,  a  small  amount  of  cold  water  from 
artesian  well  or  city  water  system  is  added  from  time  to  time  to 
reduce  the  general  temperature  of  the  circulating  system.  In 
another  plant,  the  jacket-water  is  utilized  in  winter  for  warming 
the  water  in  the  gas  holders  to  prevent  freezing.  This  was 
formerly  done  by  using  live  steam  from  a  boiler  used  in  making 
water-gas.  It  is  estimated  by  the  manager  that  a  saving  of  $250 
per  year  is  effected.  In  locations  where  water  is  expensive,  a 
small  cooling  tower  may  profitably  be  installed  to  cool  the 
jacket -water  which  may  then  be  saved. 
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In  the  matter  of  parallel  operation  of  alternating-current 
generators,  plants  13,  14,  and  15  have  been  distinctly  successful, 
particularly  in  view  of  the  variable  character  ot  load  incidental 
to  large  industrial  works  operated  by  induction  motors.  All 
the  units  are  of  the  direct-connected  type  with  standard  fly- 
wheels. A  spring-coupling  provides  a  flexible  connection  be- 
tween engine  and  generator,  to  absorb  cyclical  speed  variations. 
The  usual  copper  dampers  on  the  pole  pieces  assist  in  preventing 
hunting.  In  general,  a  low  frequency  seems  to  be  desirable,  with 
high  peripheral  speed  and  moderate  reactance  in  the  generator 
to  assist  in  damping  current  fluctuations.  The  suddenness  of 
the  impulse  in  a  gas-engine  cylinder  offers,  to  be  sure,  greater 
difficulties  than  in  the  case  of  a  steam-engine,  but  the  remedy  has 
apparently  been  found. 

Fuel  Gas. — Several  distinct  fuel-gases  suitable  for  gas-engine 
use  are  available.  When  reduced  to  calorific  values  per  foot  of 
explosive  mixture  of  proper  constituency,  the  ratings  are  nearly 
equal: 

Approximate  B.t.u.  per  cu.  ft. 
Gas.  Mixture  ♦ 

1.  Natural-gas 1000  91 .0 

2.  Coal-gas  ...    650  91 .7 

3.  Water-gas 300  88 .0 

4.  Carburretted  water-gas 600  92.0 

5.  Producer-gas 120  to  145         60  to  68 

6.  Coke-oven  gas 600  90.0 

7.  Blast-furnace  gas 90  53 .0 

The  power  to  be  developed  by  an  engine  of  given  proportions 
does  not  therefore  vary  within  appreciable  limits,  except  on 
producer-gas  and  blast-furnace  gas  when  larger  engines  are 
required,  or  larger  cylinders  on  the  same  engine  frames.  The 
rate  of  combustion  is  less  rapid  with  these  than  with  other  gases, 
due  to  the  large  amount  of  inert  gases  such  as  N  and  COj  present 
in  the  mixture.  The  compression  may,  however,  be  carried 
much  higher  without  risk  of  pre-ignitiOn  or  **  back-firing,**  thus 
increasing  the  efficiency  of  the  cycle.  With  water-gas  the  high 
percentage  of  hydrogen  occasions  quicker  combustion  and  higher 
flame  temperatures  with  so  considerable  a  tendency  to  pre- 
ignition  and  back-firing  that  this  gas  is  not  well  adapted  to  gas- 
engine  work. 

In  water-gas  plants  a  great  saving  may  be  made  and  the  gas 
rendered  much  more  suitable  for  the  operation  of  gas-engines 

♦A.  M.  Gow,  Eng'rs.  Soc,  West  Penna. 
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by  providing  additional  holders  for  the  air  or  blast-gas  made 
during  the  period  when  the  producers  are  under  blast.  This 
gas  is  equivalent  in  calonfic  value  to  blast-furnace  gas — 90  B.t.u. 
per  cu.  ft  — and  is  generally  allowed  to  go  to  waste.  It  may, 
however,  be  used  to  great  advantage  for  power  purposes,  either 
alone  or  mixed  with  a  proportion  of  water-gas  which  it  renders 
less  snappy  and  thereby  better  suited  for  use  in  gas  engines.  In 
fact,  by  this  means  a  gas  is  obtained  similar  in  many  respects  to 
the  producer-gases  made  by  operating  a  producer  continuously 
with  combined  steam-and  air-blasts. 

Leaving  out  of  consideration  the  by-product,  or  waste  coke- 
oven  and  blast-furnace  gases,  as  occupying  a  field  of  power- 
development  somewhat  foreign  to  the  subject  in  hand,  producer 
gas  offers  at  present  the  greatest  possibilities  in  the  field  of  power 
for  use  in  manufacturing  centers.  This  is  due  to  its  compara- 
tive cheapness,  simplicity  of  installation  and  general  efficinecy 
when  gas  for  power  purposes  is  alone  considered. 

A  comparison  of  the  approximate  thermal  efficiencies  of  the 
various  processes  gives  the  following  results: 

Coal-gas  (without  coke) 24% 

Coal-gas  (with  coke) 60% 

Water-gas   60% 

Water-gas,  special  quick-blast 75  to  80% 


Producer-gas      80  to  85* 


'% 


Assuming  the  calorific  value  of  coal  as  14  000  B.t.u.  per  lb.  and 
the  efficiency  of  the  gas-making  process  80% ,  the  heat  available 
at  the  enorine  is  11  250  B  t.u.,  which  is  equivalent  to  about  one 
b.h.p.  This  duty,  one  b  h.p.  per  lb.  of  coal,  should  therefore  be 
expected  from  a  well-equipped  gas-power  plant. 

Station  Economy, — Returning  to  the  consideration  of  the 
plants  under  exhibit,  the  average  station  economy  observed  is 
shown  in  Table  2.  Averages  for  several  month's  operation  have 
in  most  cases  been  given  so  that  the  results  represent  the  effi- 
ciency  of  the  entire  station,  day  in  and  day  out,  with  various 
generating  outfits  running  at  varying  load-factors,  and  including 
errors  of  measurements  encountered  in  everj''-day  operation. 
Although  in  some  cases  "  over-dynamoed,"  the  engines  are 
generally  underloaded  and  frequently  so  much  so  that  good 
economy  could  hardly  be  expected.  The  average  gas  consump- 
tion per  kw-hr.  is  39.0  cu.  ft.  Assuming  an  average  calorific 
value  of  623  B.t.u.  per  ft.  for  coal-gas,  water-gas  or  mixed-gas, 
the  heat  consumption  is  24  400  B.t.u.  per  kw-hr.,  18  200  B.t.u.  per 
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e.h.p-hr,  and  14  500  B.t.u.  per  brake  h.p-hr.  The  average  cost 
of  gas  charged  to  the  engine  is  33.9c  per  1000  cu.  ft.,  which  is  in 
nearly  all  cases  considerably  above  the  cost  in  the  holder  to  com* 
panies  operating  both  plants,  with  the  result  that  the  gas  works, 
realizes  a  handsome  profit  from  the  electric  station  in  addition  to 
the  decrease  in  cost  per  unit  with  increased  production.  This 
point  will  be  brought  out  later.     Assuming  an  average  produc- 


TABLE  II. 

COST  OP  OPERATION— FUEL  ONLY. 

1 

0 

«• 

s 

1 

^■1 

H 

Of© 

iJ 

1 

Cost  per 
kw. 

1 

1 

i 

i 

Remarki. 

ft. 

% 

1 

Railway 

Mixed 

54 

18 

37.57 

43.75 
28.40 

1.65 
1.07 

si' 

Av.  6  mo. 

All-day  run. 

at  18 

46.57 

0.84 

63.5 

Gas  at  coat. 

2 

Arc. 

Coal. 

18 

18 

33.64 

0.01 

24.5 

Av.  4i  mo. 

S 

Incan. 

Coal. 

81 

62 

53.2 

3.3 

Av.  6  mo.  1902. 

4 

" 

Water. 

30 

59.3 

41.6 

2.46 

Av.  20  mo.  1901-1903. 

6 

Arc.  and 
incan. 

Mixed. 

87.5 

•• 

34.6 

•• 

•• 

Output  not  metered. 

6 

Incan. 

Coal. 

20 

39.8 

48.4 

1.93 

Av  9  mo.  1902. 

S 

•• 

Coal. 

5 

19 

33 

28.5 

0.94 

Night  run  65%  ratins* 

9 

•• 

Mixed. 

19.5 

29.5 

41.7 

1.22 

Av.  6  mo.  1902. 

10 

•• 

Coal. 

15.0 

20 

41.9 

0.98 

Av.  19  da.  Aug.  '02. 

11 

Incan. 

Natural. 

100 

10 

15.0 

12.4 

0.18 

Special  test. 

tnd  Arc. 

10 
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tion-cost  of  20c  per  1000  cu.  ft.,  the  average  cost  of  power  is  O.S3c 
per  kw-hr.,  equivalent  to  0.495c  per  b.h.p-hr.»  at  80%  combined 
efficiency. 

The  comparative  cost  of  steam  and  gas-power  is  well  shown 
in  Tables  3  and  4.  In  Table  3,  two  independent  stations  were 
operated  during  1902,  together  with  the  gas  works.  The  cost  of 
coal  in  the  steam  plant  was  1.38c  per  kw-hr.  against  0.75c  per 
kw-nr.  in  the  gas  plant,  representing  a  saving  of  45.5% .  although 
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the  cost  per  1000  B.t.u.  of  gas  was  3.4  times  that  per  1000  B.t.u. 
of  coal.  Assuming  calorific  values  of  14  000  and  625  B.t.u.  per 
lb.  and  cu.  ft.  respectively,  92  000  B.t.u.  were  required  per  kw-hr. 
in  the  steam  station,  against  29  100  in  the  gas  station,  or  a 
saving  of  heat  in  the  latter  of  68.5% . 


TABLB  III. 


PLANT  NO.  1. 


COMPARATIVE  OPERATING  ECONOMY. 


Steam  Station  1250  i.h  j). 
Averages  for  6mo.  Apr.  Sept. 

Gas  Station  685  b.h.p. 

Load. 

Railway.  Incandescent.  Arc. 

Railway. 

1901. 

1002. 

1002. 

Kw-hr.  per  mo 

76i  bsis 
a  2 

138.20 
164.40 
159.07 

14  000 

122  733 
802  507 

7.7 

6.55 
4.02 

.19 
4.21 
1.375c 

134.65 
166.02 
159.08 

14  000 

11.35 
92  000 
68  600 

55  000 

Kw-hr.  per  mo 

Cu.  ft.  Gas 

39  508 
1726  400 

Per  cent.  ash. 

Cu.  ft.  Gas  per  kw-hr  . 
Gas  chaoiged  per  1000 
cu.  ft 

Lb.  coal  per  kw-hr 

Cost  coal  per  ton.  f  .o.b. . 

43.75 

37.57c 

Handling 

Total 

Price  gas  per  kw-hr . . . 

Cost  gas.  actual 

Actual  cost  kw-hr 

Per  cent,   saving  cost 
per  kw-hr.  over  coal . 

Watt-hours  cu.  ft.  Gas 
— a  m 

1.65c 
17.2c 

Cost  coal  per  kw-hr. , . . 

Watt-hours  per  lb.  coal 
a  m 

75c. 
46.5% 

24.33 

Ditto — p.m 

Ditto— p.m 

21.40 

Ditto — ^24  hr 

^XXo — ^24  hr 

22.23 

B.t.u.  per  lb.,  estimated. 
Watt-hours    per     1000 

B.t.u.— 24  hrs 

B.t.u.  per  kw-hr 

B.t.u.  per  e.h.p-hr 

B.t.u.  per  b.h.p-hr.  at 

80% 

B.t.u.percu.  ft.,  est.. . 
Watt-hours    per    1000 

B.t.u.— 24  hrs 

B.t.u.  per  kw-hr 

B.t.u.  per  e.h.p 

Per  b.h.p.  at  .85%.... 

625 

35.6 
29100 
21700 

18  450 

66.5% 

SPECIAL  TEST.— GAS  STATION. 


All-Day  Run: 

Max.  Watt -hrs.  per  cu.  ft.  Gas.  35. 3 

Cu.  ft.  Gas  per  kw-hr 28. 40 

e.h.p-hr 21.20 

b.h.p-hr 18.02 

B.t.u.  per  b.h.p 11  250 


Five-Hour  Run. 

Max.  Watt-hr.  per  cu.  ft 40.9 

Cu.  ft.  Gas  per  kw-hr 25.0 

"      "     ^*      e.h.p-hr 18.6 

• ••      b.h.p-hr 16.65 

B.t.u.  per  b.h.p 10  400 


Note. — Both  plants  run  15  to  18  hours  per  day.  Steam  equipment  consists  of  compound 
condensing  enRmes  and  water-tube  boilers.  Average  load  factor  of  steam  station  lugfaer 
than  gas  station. 


In  Table  4  the  output  was  not  measured,  but  the  costs  indicate 
the  general  balance  of  economy  on  the  side  of  the  gas  station. 
The  steam  plant  started  operation  on  natural-gas  at  10c  per  1000, 
with  a  minimum  of  $3000  per  year.  It  employed  horizontal  re- 
turn tubular  boilers  fired  by  gas.      One  year  after  starting  the 
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gas  plant,  this  minimtim  was  reached  and  the  company  is  now 
paying  at  the  rate  of  over  18c  per  1000  ft.  The  saving  in  total 
operating  cost  amounted  to  40.5%.  In  the  face  of  a  30% 
increase  in  station  output,  the  gas  consiunption  has  been  reduced 
by  93%.  Previous  to  the  replacement  of  the  steam-equipment, 
an  economy-test  was  run  on  the  station,  throughout  24  hours. 
The  gas  constmiption  at  the  boilers  was  51.09  cu.  ft.  per  i.h.p., 
developed  at  the  engines,  equivalent  to  about   86  cu.  ft.  per 


TABLE  NO.  IV.  PLANT  NO.  11. 

COMPARATIVE  COST  OP  OPERATION.— STEAM  ENGINES  VS.  GAS  ENGINES  ON 

NATURAL  GAS. 


Year. 


1897 
1896 


Gas  ft. 


9753.20 
9320.70 


Labor.     Repairs. 


Steam  Plant. 


9725.261  600.00 
8258.33    400.00 


Oil  and 
Waste. 


Total. 


Gas-Pired  Boilers. 
19  924 .34 


1485.06 
306.14 


Renuu-ks. 


575  i.h.p. 

Gas  rate,  10c  per  1000  cu.  ft. 
minimum  reached  in  1900. 
Avg.  1902.  15.9  per  1000 

cu.  ft. 


Gas  Engine  Plant. 


1899 
1900 
1901 
1902 


6318.92 
3000.40 


1.74 
6782.01 


3000.00  7678.83 
3000.00  7626.87 


239.85 
499.09 
196.90 
261.04 


533.56 
592.92 
407.01 
379.70 

Saving — 


11836.41 
8087.93 


800  b.h.p 
Increase  Revenue. 

1897  % 

1898  5.75 

1899  7.5 

1900  13.5 

1901  11.0 

1902  18.5 

Increase  load  1898-19^^ 

—30%. 

■  40.5%.  


Steam $36. 40  per  yr.  per  h.p-capacity  of  station. 

Gas 14.80       •* 


Saving $21.60-  59.4% 

ECONOMY  TEST. 


SUam  Station: 

1898-24  Hours. 

Gas  peri.h.p-hr 51.09  ft. 

••       ••  kw-hr 86 


Gas  Station: 

Gas  i3er  kw-hr..  Av.  6  mo. . . 21 . 50  cu.  ft. 
Calorific  value  gas.  1175  B.t.u.  percu.  ft. 


kw-hr.  All  engines  were  of  the  simple  high-speed  type,  running 
non-condensing.  A  short  preliminary  test  of  the  gas  plant  after 
installation  showed  an  economy  of  1 2.31  cu.  ft  per  e.h.p-hr.  Dur- 
ing the  six  months  ending  August,  1902,  the  total  gas  consump- 
tion of  the  station,  including  heating,  was  23.8  cu.  ft.  per  kw-hr. 
Deducting  approximately  7.5%  for  heating,  the  net  consumption 
was  21.5  cu.  ft.,  which  is  about  24%  of  that  recorded  on  the  steam 
station.  It  is  equivalent  to  12  cu.  ft.  per  b.h.p.  or  a  duty  of 
14  100  B.t.u.  per  b.h.p. 
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The  gross  station  economy  in  the  case  of  plant  No.  6  is  shown 
on  Fig.  1.  These  observations  were  taken  when  the  station  was 
first  started  and  operating  under  an  extremely  low  load-factor. 
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to  station  output 
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Fig;.  2  shows  similar  results  upon  station  No.  8,  which  also  oper- 
ates considerably  under  rating.  Both  curves  show  the  decrease- 
in  cost  of  gas  at  the  gas  works,  due  to  the  increase  in  works. 
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output,  necessitated  by  the  electric  station.  The  results  may 
be  considered  as  representative  of  conditions  about  as  unfavorable 
to  high  economy  in  the  prime  mover  as  is  usually  encountered. 
Table  No.  5  gives  the  operating  cost  of  plant  No.  9 — 135  h.p. 
capacity — for  six  months,  during  1902.  Ihe  average  cost  of  gas 
is  1.22c  per  kw-hr.  and  the  total  operating  cost  3.18c  per  kw-hr. 
The  above  data  shows  in  a  general  way  the  results  that  may  be 
accomplished  by  gas-power  plants,  even  though  running  under  a 
burden  of  expense  for  fuel  that  would  be  quite  out  of  the  reach  of 
steam  plants.  It  goes  without  saying  that  much  better  results 
are  obtainable  in  a  plant  of  considerable  size,  of  modem  design 
and  furnished  with  reasonably  cheap  fuel-gas. 


TABLE  V. 


OPERATING  COSTS  GENERATING  STATION. 


PI-ANT  r:o.  9. 


Month. 
1902. 

Kw-hr. 
Gener- 
ated. 

Gas  to 

CU    ft. 

Works 

Cost 

Materials 

per  1000 

cu.  ft. 

Cu.  ft. 

per 
kw-hr. 

Cost  Gas 

per 
kw-hr. 

Total 
Cost 
Labor 
and 
Materials 

Operat- 
ing Cost 

Remark!. 

Jan 

Feb 

Mar 

Apr 

May 

June 

5465 
4489 
4186 
4670 
5124 
6246 

187.6 
170  7 
180  2 
226.6 
227.1 
231.3 

32.2 
32.5 
31.0 
31.0 
28.0 
22.5 

34.4 
37.0 
43.0 
48.5 
43.4 
44.0 

c. 
1.1 

1.2 

1.34 

1.5 

1.21 

0.99 

149.07 
145.84 
146.02 
168.31 
161.70 
153.73 

c. 
2.74 

3.24 

3.5 

3.01 

3.16 

2.93 

Av.  19i%. 

Total  gas 
generated 
used  by 
engines. 

Average. . 

.... 

29.53 

41.7 

1.22 

.... 

3.18 

Combined  Gas  and  Electric  Stations. — The  theory  of  increase 
of  profits  from  the  operation  of  combined  gas  and  electric  plants 
is  based  upon  the  fundamental  principle  of  reduction  in  cost  per 
unit  with  increased  output.  If  the  net  saving  is  sufficient  to 
cover  fixed  charges  upon  the  electric  station,  the  way  is  clear  to 
reap  a  double  revenue,  one  from  the  electric  station  operating  at 
a  cost  far  below  its  steam-driven  competitors,  and  the  other  from 
the  gas  station  operating  at  a  lower  cost  of  production  than 
before.  The  balance  may  of  course  be  applied  proportionately 
to  the  disbursement  of  fixed  charges  on  both  stations.  It  is 
usually  the  gas  station  that  reaps  the  profit  at  the  expense  of  the 
electric  station.  An  adjustment  of  gas  and  electric  rates  can 
easily  be  made  to  prevent  embarrassing  con:ipctition. 
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Fig.  3  shows  the  cost  of  coal-gas,  water-gas  and  mixed-gas 
for  approximately  500  gas  plants  in  the  United  States.*  The 
curves  were  determined  by  the  method  of  moments  from  a 
'*  shot-gun  "  diagram,  and  bring  out  the  following  points: 

1.  Cost  per  unit  decreases  as  output  increases,  most  rapidly  in 
coal-gas  plant  and  less  rapidly  in  water-gas  plants. 
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2.  Decrease  in  cost  per  unit  in  small  plants  of  two  to  ten 
million  cu.  ft.  per  year  output  is  very  marked,  being  greatest  in 
water-f]^as  plants  and  least  in  mixed-gas  plants. 

3.  The  greatest  opportunity  for  increasing  revenue  from  com- 
bined gas  and  electric  stations  appears  to  be  in  the  case  of  small 

1.  Report  of  the  Commissioner  of  Labor  on  Gas  and  Electric  Plants, 
1899. 
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coal  and  water-gas  plants  under  ten  million  cu.  ft.  output.     The 
smaller  the  plant,  the  greater  the  profit. 

In  Table  No.  2,  Plants  1  to  10  inclusive  operate  combined  gas 
and  electric  works  and  all  successfully.  Although  production- 
cost^  of  gas  is  not  in  all  cases  available,  in  most  cases  the  power- 
gas  is  charged  to  the  engine  at  such  a  rate  as  to  insure  a  hand- 
some profit  to  the  gas  works.  Table  No.  6  shows  results  obtained 
from  Plant  No.  1.  In  this  case  the  electric-plant  was  charged  with 
gas  at  twice  the  cost  of  production.  The  gas  works  also  realized 
a  saving  of  5.7c  per  1000-cu.  ft.  nominal,  or  10.3c  actual,  as  a 
result  of  the  increased  output  due  to  the  gas-engines,  which  is 
60%   of  the  present  production  cost.     The  total  saving  thus 

TABLE  VI.  PLANT  NO.  1. 

PROFIT  FROM  COMBINED  OPERATION  OP  GAS  STATION  WITH  GAS  WORKS. 

Gas  Works,  Total  Prdouction.  Year  1901-2 38  241  000  cu.  ft.,  -  10  100  ft./ton. 


Costs. 


Coal,  at  14.03.  3780  tons.. 

Bench  fuel 

Labor 

Repairs 

Miscellaneous  Expenses. . . 


ToUl  Cost  Gas. 


Cost. 

$15,208.70 

3.381.97 

2.473.50 

676.11 

184.90 

121.945.18 


CenUper  1000 
cu.  ft. 
40 
8.8 
6.61 
1.63 
0.48 

57^66 


Residuals. 

Coke  at  $6.00,  2375  tons 

Tar  at  3.7c..  31  750  gal 


Total  Receipts — Residuals. 
Net  cost  gas 


$14,250.00 
1.172.00 

15  422.00 


37.20 
3.18 


40.38 


17.18c  per  1000 
cu.  ft. 


Cost  gas  charged  against  works.  Av.  4  months 67 .  15c  per  1000  cu  ft. 

*•  **  '*       ^as  engines,  av.  6  months 37 .67c    "      "         " 

Decrease  cost  gas  due  to  mcreased  production,  actual 5 .  68c    **      **         " 

(basis  of  equal  cost  coal)     See  Table  VII 10.31c 

**  "     in  per  cent,  of  works  cost , 15 . 4% 

engine        "     27.4% 

Profit  to  gas  works  from  engines 20. 49c  per  1000  cu.  ft. 

"       "     "       "         '*       greater  output 10.31c    *'      "         " 

Total  profit,  due  to  gas  engines 30.80c    "      '* 

• *      **  per  cent,  works  cost 45.8% 


amounted  to  30.8c  per  1000-cu.  ft,  nearly  twice  the  production 
cost,  and  but  little  under  the  cost  charged  to  engines. 

Table  No.  7  shows  the  actual  rate  of  decrease  per  month.  In 
the  last  column  results  are  reduced  to  a  basis  of  equal  cost  of 
coal;  viz.,  that  of  1901. 

Table  No.  8  gives  results  in  plants  where  similar  data  was 
available.  The  average  saving  recorded,  due  to  gas-engines,  was 
5.2c  per  1000  cu.  ft,  or  6.8%  of  initial  works  cost.'     This,  h  m- 

1.  Revenue  from  sale  of  residuals  deducted. 
»    2.  Residuals  not  deducted,  maintenance  included. 
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TABLE  VII  PLANT  NO.   1. 

REDUCTION  IN  COST  PER  UNIT  WITH  PRODUCTION. 

Mixed  Gas.  


LOOO  cu.  ft 

Generated. 

1000  cu. 

ft 

1901. 

1902. 

Increase. 

%  Increase. 

Aoril 

4115.5 
3028.2 
3044.1 
4103. 3 
4431.5 

5183.9 
6612.4 
6845.3 
7176.6 
7775.0 

•1068.4 
3584.2 
3801.2 
3013.3 
3343.5 

26 

May 

118 

V  •^ 

Tune 

125 

July 

72.5 

Xug.:... 

75.5 

Average 

3666.8 

7102.5 

3435.7 

97.75 

Total  Works  Cos 

t  cents  pei 

1000  cu.  ft.  Gen. 

Decrease  Cost 
Nominal. 

Decrease  Cost 

at  1901  Coal. 

Actual. 

1901. 

1902. 

Cost  at 
1901  Coal. 

Cents  per 
1000 
cu.  ft. 

% 

Centsper 
cu.  ft. 

% 

Apr 

62.63 
65.90 
68.90 
66.47 
67.40 

66.59 
61.91 
62.67 
60.05 
61.32 

61.60 
57.20 
57.90 
55.60 
56.75 

-3.86 
3.99 
6.23 
6.42 
6.08 

-6.15 
6.45 
9.C5 
9.65 
9.02 

1.03 
8.70 
11  00 
10.87 
10.65 

1.67 

May 

13.2 

June 

16.0 

Tulv 

16.35 

Aug 

15.8 

1901  coal  $3.75 

1902  coal    4.02 

67.15 

61.49 

56.86 

Av.5.68 

8.54 

10.31 

15.34 

•Gas  Station  operating  light  for  testing  out.     April  results  not  considered. 


COMPARATIVE  COST  OF  GAS  AS  AFFECTED  BY  PRODUCTION. 

1 

|ll 

.Eld 

1 

Mi 

Si 

Works 
Cost  Gas. 

Sa 

%  Cost   of    Gas      I 
before  Engines       • 
were  used.         1 

Before 

After 

Remarks. 

1 

3(MjG.S 

7102,  H-^ 
7102.5 

3435.7 
3435  7 

97  75 
97   75 

67.15 
67.15 

61.49 
56.86 

5.68 
10.31 

8.54 
15.34 

Per  mo.  Av.  4  mo. 
Estimated  basis  1901 
cost  coal. 

8 

22.10 

3250 

1000 

44.5 

18 

8-10 

Net     charges,     esti- 
mated. 

3 

SWJ 

924 

334 

b^  h 

65.6 

63.99 

3.06 

5.5 

Per  mo.  Av.  8  mo. 

e 

2192 

4139 

1047 

89 

42.5 

39.8 

2.7 

6.4 

Per  mo.  Av.8-12  mo. 

10 

-- 

.... 

50 

5.0 

20%  Inccost  of  coaL 

Av.... 

5.2 

6.8 
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ever,  is  less  than  the  acttial  saving  by  reason  of  the  general  in- 
crease in  cost  of  coal  at  the  time  the  last  observations  were  taken, 
due  to  general  stringency  of  fuel. 

A  comparison  of  the  then  prevailing  market  prices  for  fuel 
with  the  normal  shows  an  increase  of  24%  in  coal  and  45%  in 
coke.*  Applying  to  Table  No.  8,  the  percentage  difference  in 
saving  due  to  difference  in  fuel-cost  observed  in  Plant  No.  1 ;  viz., 
15% — ^the  average  per  cent,  saving  is  7.8%  of  works-cost — a 
material  saving  in  any  plant.  This,  of  course,  appUes  directly 
to  the  gas  as  distributed  to  customers. 

These  results,  'or  consecutive  months,  are  shown  graphically 
in  Figs.  4  and  5,  which  represent  saving  due  to  increased  produc- 


tion, part  of  which  is  traceable  to  the  electric-plant  and  part  to 
consumers.  In  Plant  No.  9  a  saving  of  24%  was  realized,  and  in 
Plant  No.  6  the  remarkable  amount  of  92%  of  initial  works  cost. 
In  order  to  bring  out  -clearly  the  character  of  this  saving  due 
to  increased  production,  the  following  case  has  been  estimated 
along  the  lines  indicated  in  the  preceding  pages.     A  ten-million- 

1.  The  comparative  market  prices  for  fuel  in  the  case  of  ten  of  the 
above  plants  averaged  S3.63  and  S5.10  f.o.b.  works  for  coal  and  coke 
respectively,  under  normal  conditions.  The  corresponding  prices  during 
1902  averaged  S4.50  for  coal  and  $7.41  for  coke,  or  an  increase  of  $0.87 
and  $2.41  over  normal  for  coal  and  coke  respectively.     See  Table  9. 
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foot  plant  has  been  taken  generating  gas  at  40c  per  1000  cu.  ft. 
works  cost,  including  coal,  bench  fuel,  labor,  repairs,  and  mis* 
cellaneous  material,  residuals  not  deducted.  Fixed  charges 
have  purposely  been  omitted.  The  gas  is  charged  at  works  cost 
to  the  electric  station  It  is  assumed  that  the  cost  of  gas  for  this 
plant,  previous  to  absorption  of  the  electric-plant,  was  50c  per 
1000  cu.  ft,  and  that  the  electric-plant  generates  electricity  at 
twice  the  fuel  cost,  3.2c  per  kw-hr.  During  normal  operation 
with  an  output  to  the  electnc-plant  of  30%,  of  the  total  amount 
of  gas  generated,  the  total  net  revenue  was  about  $13  300;  45% 
of  which  was  due  to  the  electric  station  and  55%  to  the  gas 


RELATION  or  COST  OF  PRODUCTION 
TO  OUTPUT 


Swinf-^4< 


Station.  The  operating  costs  will  then  amount  to  46.4%  of  the 
net  revenue. 

Comparing  the  operations  of  the  gas  station  per  se,  previous 
to  and  following  the  acquisition  of  the  electric  station,  there  is  a 
net  revenue  of  $5835  and  $7344  respectively,  or  an  .'^crease  of 
$1509;  25.8%  of  the  original  revenue.  Figur  ^  in  the  saving 
of  10c  per  1000  cu.  ft.  due  to  increased  ^^roduction,  the  total 
increase  amounts  to  43%  of  the  ne*  .evenue  upon  the  original 
gas  station. 

Considering,  finally,  t^^  combined  works,  the  increase  is  $7449, 
or  127%  of  the  original  revenue,  and  adding  again  the  saving  10c 
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TABLE  IX. 


FUEL  COSTS  AND  PRICES  PAID  FOR  RESIDUALS. 

0 

2 

Gas  Coal 

Steam  Coal. 

Coke. 

Tar 

Nor- 
mal 

1 

Nor- 
mal- 

1901 

1902 

Normal. 

1901 

1902 

Normal. 

1901 

1902 

Remarks. 

1 

3.75 

4.02 

4.02 

3.83 

•• 

6.00 
(4. 96  Chan 
against  wo 

?ed' 
rks.) 

7.00 
7.50 

c. 
3.7 

19c.  per  ton  hand» 
ling     1902    hard 
coal. 

2 

3.76 

4.55 

3.75 

4.55 



5.00 

7.50 

3.5 

3 

3.00 

4.00 

6.00 

3.00 

5.00 

5.00 

6.00 

3.5 

Coke  8.00  outside. 

4 

2.50 

5.70 

8.60 

Use  coke  only. 

5 
6 

3.56 

4.56 
4.20 

4.82 

3.85 
4.35 



5.00 
10c.  bu. 

5.50 

7.50 

Av.  frt.  rate  from 

mines  $1.50  ton. 
Coal  by  contract. 

7 

3.75 

4.00 

7.60 

3.5 

10 

3.15 

•• 

4.50 

.... 

5.00 

7.50 

7.0 

Coke  10c.  bu. 
Ammonia  26c. 
per  ton  coal. 

Av... 

3.63 

4.50 

6.10 

7.41 

Av.  Increase:     $0.87-  24%. 


Av.  Increase*     2. 31 -i  45%. 


TABLE 

X. 

GAS  WORKS  YIELD. 

Yield. 

Kind  of 
Gas  Mfd. 

Plant 
No. 

Gas.  cu.  ft. 
per  ton. 

Coke  lbs. 
per  ton. 

Tar    gal. 

per  ton. 

Remarks. 

1 
2 
3 

9700 
10  100 
10  000 
10  500 
10  500 

1260 
1350 
1275 

7.5 

8 

8 

Mixed. 

Coal 

Coal. 

4 

.... 

Water. 

Coke  used. 

5 
6 

10  000 
9000 

1350 



Mixed. 
Coal. 

Bench  fuel  300  lb. 
per  ton. 

7 

9700 

1300 

8 

Mixed. 

Bench  fuel  300  lb. 

8 

870 

10 

Coal. 

10 

Ammonia  26c 

per  ton. 

Av 

9937  ft. 

1233  lb. 

83.  gal. 
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per  1000  cu.  ft.,  the  total  increase  is  145%  of  the  net  revenue  of 
the  original  gas  works. 

Although  these  percentages  will  be  considerably  reduced  by 
the  consideration  of  investment  charges,  depreciation,  sinking 
fund,  etc.,  the  fact  remains  that  the  saving  due  to  combined 
operation  is  material  and  should  appeal  particularly  to  companies 
operating  independent  gas  and  electric  generating  stations. 

^OPERATING    COSTS    AND    PROFITS    OF    A    TYP\CAL 
GAS-ELECTRIC  WORKS. 
ASSUMPTIONS: 

Output  per  year , 10  000  000  cu.  ft. 

Gas  per  ton 10  000 

Works-cost  gas 40c   per   1000  cu.  ft. 

Works-cost  gas,  before  gas-engine  used 50c     "     1000      ** 

Costat  engine 40c     "      1000      ** 

Coal S3 .75  per  ton. 

tCoke  per  ton,  at  S5.00  per  ton 1230  lb. 

Bench  fuel  per  ton,  at  S4.00 300  " 

Gas-tar  per  ton,  at  4.5c 8.3  gal. 

t 

Line  and  meter  loss,  gas  line 15%. 

Line  and  meter  loss,  electric  system 10% 

Average  rate  to  gas  customer,  per  1000  cu.  ft $1 .25 

Average  rate  to  electric  customer,  per  kw-hr 12c 

Electric  plant  consumption  of  gas,  %  total  output 30% 

Gas  per  kw-hr.  at  switchboard. 40  cu.  ft. 

Fuel  cost  per  kw-hr.  at  switchboard 1 .  6c 

Works  cost  per  kw-hr.  at  switchboard 3 .  2c 

REVENUE: 
Gas: 

Gas  to  electric  plant,  3000  cu.  ft.  at  40c $1200 

Gas  for  distribution,  7000  cu.  f  t 

Gas  for  sale.  85%.  5950cu.  ft.  at  SI. 25 7445 

Total  sale  gas $8645 

Residuals: 

Coke  for  sale.  465  tons $2325 

Tar  for  sale,  8300  gal 374 

2699 

Total  sales,  gas  works $11  344 

(♦)   Fixed  charges  omitted  from  this  estimate. 

(t)  In  coal-gas  plants  the  sale  of  residuals  constitutes  an  important 
part  of  the  total  revenue,  so  important  in  fact  that  dtiring  times  of  high- 
priced  fuel  it  pays  to  manufacture  coal-gas  rather  than  water-gas,  and  sell 
residuals.  The  average  yield  per  ton  of  coal  is  shown  in  Table  No.  10, 
viz. :   10  000  cu.  ft.  of  gas,  1230  lb.  coke  and  8.3  gal.  tar. 
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Electricity: 

Kw-hr.  generated   3000  cu.  ft^ 75  000 

40  cu.  ft. 
Line  loss  10% 7500 


Kw-hr.  for  sale 67  500 

Revenue  from  electric  station 


8100 


Total  revenue  from  works $19  444 

COST: 
Gas: 

10  000  cu.  ft.  gas  at  40c $4000 

Net  revenue   station,  exclusive  of    fixed 

charges $7344 

Electric: 

67  500  kw-hr.,  at  3.2c 2160 

Net  revenue  station,  exclusive   of   fixed 

charges $5490  

Total  cost  to  combined  works $6160 

Total  net  revenue  to  combined  works $13  284 

Per  cent,  due  to  electric  station 44 . 7 

Per  cent,  due  to  gas  station 55 . 3 

Electric  station  per  cent,  of  gas  station 81 . 

Operating  cost  per  cent,  of  net  revenue: 

Electric  station 36.3 

Gas  station 54 . 5 

Works 46.4 

COMPARISON   OF   COSTS,   BEFORE   AND   AFTER   INSTALLING 

ELECTRIC  STATION. 

Gas  Station. 

before.  after. 

Revenue: 

Gas  for  sale,  5950  cu.  ft.  at  5950  cu.  ft.  at  $1.25 $7445 

$1.25 7445         3000  cu.  ft.  at  40c 1200 

Residuals 1890         Residuals 2099 


Total  revenue $9335 

Costs: 

7000  cu.  f ':.  at  50c 3500 


Net  revenue $5835 


Cost  %  net  revenue 60% 


$11  344 

10  000  cu.  ft.  at  40c 4rro 

$7344 

Increase 1509 

Saving  10  000  cu.  ft.  at  10c. .    1000 


Total  increase $2509 

Cost  %  net  revenue 54.5% 

Cost  %  net  revenue  plus 

saving 32.4% 
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BEFORE. 

Revenue $9336 


Cost. 


3500 


AFTER. 

Total  revenue,  gas,  electric, 

and  residuals $19  444 

Cost — gas  and  electric. ...       6160 


Net  revenue $5835         Net  revenue $13  284 

Increase $7449 

Saving — 10  000  cu.   ft.  at 
10c 1000 


Cost  %  net  revenue 60% 


Total  increase $8449 

Cost  %  net  revenue 46 . 4% 

Cost  %  net  revenue  plus 
saving 43.0% 


1903.]  DISCUSSION  AT  NEW  YORK.  791 

Discussion  op  Paper  by  J.  R.  Bibbins  Entitled  Gas-Power 
FOR  Central  Stations. 

Ralph  D.  Mershon: — The  speaker  does  not  believe  this  paper 
gives  a  fair  comparison  of  the  relative  value  of  gas-engines  and 
steam-engines,  in  general,  for  electric  work.  A  proper  general 
comparison  should  include,  not  only  the  cost  of  fuel,  but  also  the 
cost  of  depreciation,  interest,  repairs,  and  attendance  charges. 
It  is  only  when  a  full  statement  of  the  cost  is  given  that  true  com- 
parisons can  be  made.  The  speaker  believes  in  the  future  of  the 
gas-engine;  in  Germany,  many  plants,  consisting  of  producers 
and  gas-engines  are  now  in  use,  and  the  number  is  increasing; 
the  recent  adoption  of  the  **  suction  "  generator  has  done  much 
to  hasten  this  development. 

The  author,  on  page  771,  says  that  the  cost  of  a  1000-h.p.  plant 
for  gas  and  steam  is  about  the  same.  The  speaker  is  of  the 
opinion  that  the  cost  of  a  gas  plant  will  be  very  materially  greater, 
and  hopes  that  the  author  can  substantiate  this  statement  by  de- 
tailed figures.  The  speaker  found  in  Europe  that  the  calorific 
value  of  the  various  explosive  mixtures  used  is  generally  much 
more  nearly  equal  and  is  lower  than  shown  in  the  table  on  page 
775.  He  thinks  also  that  the  prices  asked  by  American  manu- 
facturers for  gas-engines  are  entirely  out  of  reason,  and  that  such 
excessive  prices  will  retard  the  general  use  of  gas-engines. 

Philip  Torchio: — ^The  speaker  is  of  the  opinion  that  the  very 
favorable  results  shown  by  Mr.  Bibbins  are  due  to  the  fact  that 
lie  considers  a  small  gas  station;  if  he  had  based  his  comparisons 
on  a  larger  station,  the  figures  would  not  have  been  so  favorable. 

Herbert  A.  Wagner: — Unfortunately,  all  users  of  gas-engines 
cannot  secure  results  as  favorable  as  those  cited  by  Mr.  Bibbins. 
The  speaker  has  recently  removed  a  gas-engine  plant  and  replaced 
it  by  steam-engines.  The  plant  consisted  of  three  lOO-h.p. 
units,  operating  alternators  and  arc  dynamos.  The  cost  of  opera- 
tion, large  at  first,  had  increased  to  such  an  extent  from  year  to 
year  that  the  company  was  forced  *o  make  a  change  of  some 
kind.  It  was  decided  to  abandon  gas-engines  entirely.  In  the 
last  year  of  the  operation  of  this  plant,  the  cost  of  energy  was 
more  than  eight  cents  per  kilowatt-hour;  the  largest  single  item 
was  the  cost  of  repairs  and  maintenance.  In  this  plant,  producer 
gas  was  generated  solely  for  the  gas-engines;  the  plant  was  run 
entirely  apart  from  the  gas-making  plant. 

H.  G.  Stott: — On  page  781,  the  author  states  that  "the 
average  cost  of  gas  is  1.22  cents  per  kilowatt-hour,  and  the  total 
operating  cost  3.18  cents  per  kilowatt-hour."  The  cost  of  fuel 
is  then  38%  of  the  total  cost,  or  the  other  costs  of  operation  are 
62% .  In  the  ordinary  steam  plant,  the  cost  of  fuel  is  probably 
70%  of  the  total  cost.  This  difference  of  32%  of  the  total  cost  of 
operation  represents,  of  course,  the  increased  cost  of  maintenance 
and  labor  for  the  gas-engine  plant.  These  figures  illustrate  the 
differences  in  the  two  kinds  of  plants. 
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J.  R.  BiBBiNS  (in  reply  to  the  Discussion): — The  principal 
object  of  the  paper  is  to  place  before  you  results  and  observations 
upon  the  operation  of  a  number  of  gas  plants  of  very  moderate 
size  and  not  to  introduce  comparisons  with  stations  of  larger 
output  or  with  those  operated  upon  producer  gas,  which  of  itself 
constitutes  a  separate  and  distinct  field.  The  direct  compari- 
sons between  steam-  and  gas-power  plants  have  been  confined  to 
plants  No.  1  and  No.  11,  upon  both  of  which  reliable  data  are 
available.  The  comparisons  are,  it  seems  to  the  speaker,  per- 
fectly legitimate,  particularly  in  the  case  of  Plant  No.  1,  where 
both  steam  and  gas  stations  were  operated  simultaneously  for 
the  specific  purpose  of  determining  the  relative  economy;  in 
both  plants  steam  power  has  been  replaced  by  gas  power 
through  **the  survival'of  the  fittest." 

As  to  the  comparative  cost  of  steam  and  producer  gas  power 
equipment:  leaving  out  of  consideration  the  cost  of  holder 
capacity,  the  costs  will  be  nearly  equal.  With  this  item  included, 
the  cost  of  the  gas  equipment  is  slightly  in  excess,  depending  upon 
the  character  of  the  producer  employed — ^whether  continuous  or 
intermittent — and  upon  the  requirements  of  the  service — 
whether  the  power  demand  is  reasonably  constant  or  heavily 
fluctuating.  The  holder  capacity  to  be  provided  is  purely  a 
matter  of  judgment  and  should  be  estimated  in  each  individual 
case  in  a  similar  manner  to  steam-storage  capacity  in  a  steam 
plant.  A  prominent  gas-engineer  recently  quoted  the  com- 
parative cost  of  1000-h.p.  high-grade  steam  and  gas  plants  as 
follows : 

$100  per  horse  power  for  a  steam  equipment,  consisting  of 
compound  condensing  engines,  electrical  machinery,  boilers, 
stokers,  economizers,  and  coal-handling  machinery;  $125  per 
horse  power  for  a  gas  equipment  comprising  high-grade  engines 
electrical  machinery,  producers,  coal-handling  machinery  and  a 
20  000-ft.  holder,  capable  of  supplying  the  plant  at  full  load  for 
about  20  minutes.  If  holder  capacity  is  dispensed  with  in  a 
producer  plant  and  the  engines  simply  draw  their  supply  of  gas 
directly  from  the  producers  under  either  slight  pressure  or  suc- 
tion, there  is  the  risk  of  gas  of  non-uniform  ruality  reaching  the 
engine  cylinder.  Storage  capacity  obviates  this  to  a  large 
degree,  and  is  evidently  essential  in  the  operation  of  electric 
plants  where  exact  regulation  is  so  much  more  important  a 
requirement  than,  for  instance,  in  driving  blowing-engines  by 
blast-furnace  gas. 

A  possible  explanation  of  the  requirement  of  a  higher  grade  of 
intelligence  among  European  operators  may  be  found  in  the 
character  of  engines  used.  Large  engines  are  quite  common 
abroad,  due  to  long  development  and  the  great  demand  for  cheap 
power.  Many  are  of  comparatively  complicated  construction 
and  consequently  require  more-skilled  attendants.  It  has  been 
observed  in  the  plants  on  exhibit  that  the  grade  of  intelligence 
is  a  matter  rather  secondary  to  the  personal  prejudices  of  the 
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operators.  The  greatest  difficulty  encountered  in  breaking  in 
new  men  was  to  overcome  their  prejudices.  But,  with  knowledge 
of  the  construction  and  operation  of  the  plant  and  its  superiority 
from  the  standpoint  of  comfort  and  safety  to  employes,  this 
prejudice  disappeared  and  more  efficient  operation  of  the  plant 
resulted. 

In  plant  No.  1  the  entire  station  was  operated  without  a  single 
interruption  for  a  period  of  six  months  through  a  regular  shift 
by  one  attendant,  formerly  a  wiper  in  the  steam  plant.  This 
man  had  never  held  an  engineer's  position. 

In  reference  to  the  calorific  value  of  the  various  mixtures 
given  on  page  775 ,  the  values  are  for  theoretically  perfect  mixtures. 
More  air  is  however  sometimes  required  than  is  called  for  by  a 
perfect  mixture,  which  may  result  in  the  lower  values  referred  to 
by  Mr.  Menhon.  But  the  speaker  believes  that  the  calorific 
value  of  mixture  of  the  leaner  gases  is  generally  much  lower  than 
for  illuminating  and  natural  gas,  which  seems  reasonable  on 
account  of  the  inert  ingredients  of  producer  and  blast-furnace 
gases. 

The  quantity  of  jacket-water  required  depends  largely  upon 
the  quality  of  the  supply.  If  it  contains  no  chemical  or  vege- 
table impurities,  so  that  deposits  in  the  jackets  will  not  occur^ 
the  cylinders  may  be  run  hotter  than  with  impure  water  and 
consequently  less  water  will  be  reqtiired.  On  the  average,  about 
4000  B.t.u.  per  brake  h.p.  are  carried  awav  in  the  jacket-water 
and  the  quantity,  therefore,  depends  upon  the  terminal  tempera- 
tures, which  in  winter  might  easily  range  from  40*^  fahr.,  inlets 
to  200°  fahr.  outlet,  if  the  water  is  good. 

The  field  for  commercial  heating  by  jacket-water  is  of  course 
not  comparable  with  that  by  exhaust  steam,  from  the  fact  that 
the  latent  heat  is  not  available  as  in  the  case  of  steam. 

These  figures  represent  the  temperature  range  of  "in  and 
out  **  jacket -water,  which  may  be  secured  with  good  water  during 
cold  weather.  The  late  of  flow  can  be  determined  from  these 
temperatures  and  the  total  heat  to  be  removed  by  the  jackets. 

[Replying  to  a  question.]  There  are  two  general  methods  of 
governing;  viz.,  the  hit-and-miss,  and  the  method  of  throttUng 
the  charge.  It  is  safe  to  say  that  the  former  is  thoroughly 
unsuited  for  driving  generators.  The  latter  is  employed  in 
several  different  forms,  each  with  many  "prominent  representa- 
tives. The  method  that  is  widely  employed  in  both  American 
and  European  engines  is  that  of  throttling  a  mixture  of  constant 
quality,  under  which  conditions  the  maximum  fuel-efficiency 
may  be  retamed  at  all  loads. 

Replying  to  a  question.]  A  considerable  amount  of  experi- 
mental work  has  resulted  in  the  employment  of  the  spring  coup- 
ling between  engine  and  generator,  and  success  seems  to  lie  in 
this  direction,  together  with  the  use  of  multi-cylinders.  With  fly- 
wheels of  moderate  capacity,  a  three-cylinder  engine  of  the  type 
shown  gives  a  crank  effort  of  such  uniformity  that  the  cycUcal 
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variation,  expressed  in  angular  degrees,  falls  within  standard 
specifications  for  steam-driven  generating  units.  It  is  found, 
however,  that  the  best  results  in  parallel  operation  are  secured 
with  the  flexible  coupling  which  deadens  to  a  large  degree  the 
suddenness  of  the  impulse  following  combustion.  In  the  three 
plants  cited — 13,  14,  and  15 — ^parallel  operation  is  an  accom- 
plished fact.  All  three  plants  operate  cranes,  hoists,  and  shop 
motors  (all  of  the  induction  type)  and  the  load  fluctuates  con- 
stantly, often  through  a  range  of  100%  in  a  few  seconds.  In 
general,  it  is  not  necessary  in  a  plant  of  several  units  to  provide 
all  engines  with  spring  couplings.  One  unit  may  have  a  solid 
coupling  and  will  operate  satisfactorily  with  the  remaining 
spring-coupled  units.  With  double-acting  engines  the  difficul- 
ties in  parallel  operation  are  of  course  halved  and  further  reduced 
in  the  ratio  of  the  number  of  cylinders  employed. 

The  data  from  which  Mr.  Stott  draws  conclusions  are  given  in 
No.  9,  a  plant  of  only  135  h.p.  The  cost  of  power  in  plants  No.  1 
and  No.  1 1  should  rather  be  taken  as  representative  of  the  economy 
to  be  obtained  from  a  gas  plant  of  moderate  size.  Mr.  Stott  also 
draws  attention  to  the  importance  of  labor  and  maintenance.  In 
plant  No.  11  these  items  aggregate  52%  of  the  total  operating  cost 
of  the  steam  station  and  67.5%  of  the  gas  station.  The  increase 
in  percentage  is  not  due  to  acutal  increase  in  operating  cost,  but 
rather  to  the  decrease  in  the  fuel  item  which  renders  the  mainte- 
nance item  the  more  conspicuous.  The  average  ipaintenance 
cost  for  the  steam  station  was  $10  400  as  against  $8000  for  the 
gas  station  of  nearly  double  the  capacity. 

(Communicated  after  Adjournment  by  J,  R.  Bibbins.) 

Replying  further  to  the  discussion  upon  the  comparative  im- 
portance of  fixed  charges  upon  steam-  and  gas-  plants :  the  follow- 
ing figures  are  obtained  from  Plant  No.  11.  The  costs  are  ex- 
pressed in  terms  of  brake  horse  power  per  year  of  capacity  of 
station,  for  the  reason  that  accurate  records  of  kilowatt-hour 
output  are  not  at  present  available. 

INVESTMENT. 

Items.  Steam  Plant.  Gas  Plant. 

Building  and  Real  Estate $17  000.00  $17  000.00 

Steam  Machinery,  complete 51  000.00 

Oas              ••                 "         60  000.00 


Total $68  000.00  $77  000.00 

Eqmpment  cost  per  h.p 139.00  96.25 

Building        * 35.00  21.25 

Machinery    "       "       "   104.00  75.00 
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FIXED  COSTS. 

Interest  on  investment,  5% $3  400.00  $3  850.00 

Depreciation,  Building,  3% 390.00  390.00 

Machinery,  10% 5  100.00  6  000.00 

Taxes,  Insurance,  Legal,  etc.,  3% 2  040.00  2  310.00 


Total  fixed  charges $10  930.00  $12  650.00 

Per  brake  h.p.  per  year 22.30  15.70 

Net  operating  cost 36.40  14.80 


Total  operating  cost $58 .  70  $30 .  50 

Saving 28.50     -  48% 

Concerning  the  quantity  of  jacket-water  required  under  or- 
<iinary  conditions  of  operation,  two  cases  are  given  below  repre- 
sentative of  summer  and  winter  extremes.  Assuming  a  duty 
of  11  000  per  brake  h.p-hour  at  the  engine  and  40%  of  the  heat 
to  be  imparted  to  the  jackets,  the  jacket-water  will  carry  away 
4400  B.t.u.  per  hour. 

Winter.  Summer. 

Temp.         Sensible  Temp.       Sensible 

of  Water.    Heat  per  of  Water.     Heat  per 

lb.  lb. 

Leaving  jackets 200**  fahr.    168  B.t.u.  200**  fahr.    168  B.t.u. 

Entering     "       40°  fahr.        8  B.t.u.  65°  fahr.      33  B.t.u. 

Range         "        160°  fahr.    160  B.t.u.         135°         135  B.t.u. 

4400/160  «  27.5  lb.  per  h.p-hr.         4400/135  «  32.6  lb.  per  h.p.-hr. 
Water  per  h.p.-  hr.  -  0.44  cu.  ft.  0.52  cu,  ft. 

A  simple  and  efficient  method  of  reclaiming  the  heat  discharged 
in  the  exhaust  is  successfully  used  in  one  plant  operating  both 
steam  and  gas  equipments.  The  exhaust  gases  are  passed 
through  a  tubular  heater  resembling  an  ordinary  feed-water 
heater.  By  shutting  off  the  water  ordinarily  used  to  cool  the 
exhaust  and  running  the  jackets  at  about  150*^  fahr.,  the  jacket- 
water  in  circulating  through  the  heater  is  raised  to  a  temperature 
of  200''  to  210''  fahr.,  by  the  heat  from  the  exhaust  gases.  This 
water  may  then  be  used  for  boiler  feed  or  for  heating  buildings. 
By  this  method  the  actual  heat  efficiency  of  the  gas-engine  is 
increased  from  25%  to  68%. 


Discussion  op  J.  R,  Bibbins*  Paper  at  Philadelphia. 

January  11,  1904. 
J.  B.  Klumpp: — ^The  speaker  is  of  the  opinion  that  the  author 
has  not  done  justice  to  the  gas-engine  in  that  he  has  considered  it 
principally  in  connection  with  a  gas  works,  and  not  as  a  separate 
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proposition,  operating  with  producer  gas,  which  is  the  way  that 
best  results  can  be  obtained  from  gas-engines.  The  gas-engine 
will  probably,  in  the  course  of  time,  displace  the  steam-engine  in 
many  applications,  although  the  increasing  use  of  the  steam- 
turbine,  the  internal-combustion  engine  of  the  Diesel  type,  and 
the  possible  introduction  of  a  gas-turbine,  must  be  held  in  view 
when  this  matter  is  considered.  The  character  of  the  load  for  a 
gas  wor  s  and  an  electric  lighting  plant  is  very  different,  in  that 
the  electric  lighting  plant  has  a  short  peak-load,  while  with  the 
gas  plant,  only  the  total  daily  output  need  be  considered.  This 
daily  output  usually  reaches  a  maximum  in  early  winter,  though 
sometimes  the  maximum  is  as  great  in  September  or  October. 
The  ratio  of  maximum  to  yearly  output  is  frequently  as  high 
as  1/240  to  1/260. 

If  a  gas-engine  plant  is  to  be  used  as  an  auxiliary  to  a  gas 
works,  the  load  of  the  gas-engines  must  be  regarded  in  precisely 
the  same  light  as  an  additional  number  of  consumers,  and  a  cor- 
responding increase  in  the  gas-making  plant  must  be  supplied. 
The  maxima  of  the  two  loads  will  probably  occur  at  the  same 
time,  and  the  engine  cannot  be  regarded  as  using  part  of  the 
output  of  apparatus  that  would  otherwise  be  idle.  The  gas 
company  must,  for  safe  operation,  hold  a  reserve  capacity  which 
should  be  available  at  the  time  of  maximum  daily  output.  In  a 
few  cases  where  a  gas  works  has  too  great  reserve  capacity,  it 
'would  be  more  economical  to  dispose  of  the  surplus  gas  by  the 
introduction  of  gas  stoves  for  summer  use,  which  would  not  be  a 
tax  upon  the  maximum  daily  output.  If  the  proper  increase  is 
made  in  gas-making  apparatus,  there  are  few  cases  in  which  the 
total  cost,  including  interest,  depreciation,  and  repairs  would  be 
decreased. 

Gas-engines  using  illuminating  gas  will  probably  never  be 
introduced  extensively,  on  account  of  the  great  cost  of  making 
this  gas.  Producer  gas  is  undoubtedly  the  best  for  use  with  gas 
engines,  except,  of  course,  natural  gas.  With  producer  gas,  the 
fuel  cost  can  be  reduced  to  from  0.35  to  0.5  cents  per  kilowatt- 
hour,  which  compares  favorably  with  steam. 

It  is  doubtful  if  gas-engines  operating  producers  will  give  high 
efficiency  at  light  loads,  as  the  producers  will  either  have  to 
operate  at  a  small  fraction  of  their  capacity,  or  the  storage 
capacity  provided  be  shut  down  for  a  time ;  hence  the  fuel  con- 
sumption will  not  be  reduced  in  proportion  to  the  output. 
Moreover,  the  engines  themselves,  at  fractional  loads,  have  a 
low  efficiency.  Ihe  cost  of  operation  will  be  reduced  both  on 
account  of  lesser  fuel  cost  and  lesser  attendance  cost ;  but  repairs 
on  the  engines  will  undoubtedly  be  greater  than  on  a  steam- 
engine. 

The  propositi-^n  to  use  the  hot  jacket-water  for  the  heating 
system,  would  hardly  be  applicable  beyond  the  engine-room 
itself. 
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[Communicated  after  Adjournment.] 

BY   J.   R.    BiBBINS. 

The  author  cannot  agree  with  the  speaker  irom  Philadelphia 
that  the  gas-engine  employed  in  conjunction  with  gas  works  for 
generating  electric  power  represents  an  undesirable  auxiliary 
and  one  that  is  incapable  of  securing  to  the  gas  works  an  all-day 
output  of  greater  uniformity  and  consequently  of  less  cost  per 
unit.  To  be  sure,  with  the  usual  electric  light  loads  daily  and 
yearly  maxima  for  both  gas  and  electric  plants  would  nearly 
coincide,  but  it  should  be  remembered  that  the  electric  plant 
affords  an  opportunity  to  work  up  an  all-day  factory  motor-load 
which  is  ordinarily  outside  of  the  reach  of  the  gas  works.  In 
any  event,  gas-storage  capacity  may  be  so  readily  provided,  as 
compared  with  steam  or  electric  storage,  that  the  coincidence 
of  gas  and  electric  load  maxima  becomes  a  secondary  considera- 
tion. On  the  other  hand,  a  heating  load  is  undesirable  as  it 
represents  an  idle  investment  through  a  large  part  of  the  year, 
and  is  incapable  of  control  or  limitation  by  contract  to  definite 
hours  as  in  the  case  of  electric-power  load. 
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